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STATUS ASTHMATICUS, ACUTE HAY FEVER, 


for IMMEDIATE use in | ALLERGIC EMERGENCIES, TRAUMATIC SHOCK, 
__ EMERGENCY SURGERY, FULMINATING INFECTION 


—and for immediate relief (injected locally) in Rheumatoid Arthritis and Acute Bursitis 


Injection ‘CODELSOL!’ is a sterile solution (not a suspension) of prednisolone 
21-phosphate, READY FOR IMMEDIATE INJECTION intravenously, intramuscularly 
or intrasynovially, without further mixing or dilution. 


Since refrigeration is not required, Injection ‘CODELSOL’ can be carried in your 
bay, ready for immediate use. 


Injection ‘CODELSOL’ may be administered through a small-bore needle; response 
is very rapid and an adequate dose is contained in a small volume of solution. 


Injection ‘CODELSOL’ may be life-saving in your patient. 


How supplied : Injection ‘CODELSOL!’ is supplied in 2 ml. vials containing 20 mg. prednisolone 21-phosphate per ml. 
Literature will gladly be supplied on request. 


Injection 


Read 


(PREDNISOLONE 21-PHOSPHATE, Sterile Solution of Prednisolone) 
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1.C.1. has many films of value in teaching by demonstration and illus- 
tration, covering a wide range of medical and surgical procedures. 
A good example, recently added to the catalogue, is 


CARDIAC ARREST 

Made in collaboration with the Postgraduate Medical School of 
London, this film sets forth a technique for dealing with cardiac arrest 
by opening the chest wall and massage. It is primarily intended for 
anaesthetists and others who may be faced with a case of arrest in 
the absence of any surgeon used to thoracotomy. It may appropriately 
be shown to all theatre personnel. 

All the films are reputable aids in teaching, and are available free of 


charge to interested borrowers. 
May we send you the 1961 I.C.1. Medical Film Catalogue? 


Please send me a copy of the 1961 1.C.1. Medical Film Catalogue 


These films are available for showing to medical audiences only. 


1.C.1l. FILM LIBRARY, IMPERIAL CHEMICAL HOUSE, MILLBANK, LONDON, S.W.1. 
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The CYCLATOR Type P Mark 1 is an intermittent positive pressure 
lung ventilator of the pressure cycling controller type. It is intended 
mainly for use on the open circuit of a Boyle type anaesthetic 
apparatus for automatic controlled respiration. Controls are provided 
permitting variation of lung inflation pressure up to 35 cms. H2O, and 
expiratory time between 4 second and 30 seconds. 


FOR DETAILED INFORMATION PLEASE GET IN TOUCH WITH: 


THE BRITISH OXYGEN COMPANY LTD bo 


MEDICAL DEPARTMENT, SPENCER HOUSE, 27 ST. JAMES'S PLACE, LONDON S.W.1 ‘ 
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Five carefully selected combinations of 
promethazine and pethidine with or 
without scopolamine or atropine. 


‘Pamergan’ P100 Formula 


Pethidine Hydrochloride B.P. 100 
Promethazine Hydrochloride B.P. 50 =mg. 
in each 2 ml. ampoule 

‘Pamergan’ P100/25 Formula 
Pethidine Hydrochloride B.P. 100 mg. 
Promethazine Hydrochloride B.P. 25 meg. 
in each 1 ml. ampoule 

‘Pamergan’' SP50 Formula 
Scopolamine Hydrobromide B.P. 0-43 mg. 
Pethidine Hydrochloride B.P. 50 
Promethazine Hydrochloride B.P. 50 
in each 2 ml. ampoule 

‘Pamergan’' SP100 Formula 
Scopolamine Hydrobromide B.P. 0-43 mg. 
Pethidine Hydrochloride B.P. 100 meg. 
Promethazine Hydrochloride B.P. 50 mg. 
in each 2 ml. ampoule 

‘Pamergan’' AP100/25 Formula 
Atropine Sulphate B.P. 06 meg. 
Pethidine Hydrochloride B.P. 100 meg. 
Promethazine Hydrochloride B.P. 25 mg. 


in each 1 ml. ampoule 
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Sedative, anti-emetic and anti- 
histaminic with a drying effect on 
secretions 


Sedative and hypnotic for use on the 
nights before and after operation. 


Specially designed for Children 


Only a small volume of this pleasant 
tasting preparation is required 


Fae. vrup 


TRIMEPRAZINE y ARTRATE ‘Vallergan’ is also presented as 2 ml. ampoules of a 
2-5 per cent solution for injection and as suppositories 
of 50, 75 and 100 mg. 


Detailed information is available on request 


M&B brand Medical Products 


DISTRIBUTORS: PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD ‘ DAGENHAM 
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THE PRINCE HENRY HOSPITAL 
LITTLE BAY, SYDNEY, N.S.W., AUSTRALIA 


Applications are invited from Specialist Anaesthetists for the post of full-time Anaes- 
thetist in the Department of Anaesthesia of the Prince Henry Hospital, which is a 
teaching hospital of the University of New South Wales Medical School. The salary 
is £A3,160 per annum rising to £A4,120 per annum. 

The successful applicant will also be eligible for appointment as Senior Lecturer in 
Anaesthesia in the University, which appointment will carry with it a stipend of £A500 
per annum. 

The appointee will be expected to develop the anaesthetic service for experimental 
and clinical surgery in the Centre for Cardiopulmonary Surgery of the University 
of New South Wales Teaching Hospitals. He will, in addition, have opportunities for 
research and clinical work in other fields of anaesthesia. 

Further details may be obtained from the undersigned, to whom applications, together 
with supporting documents, names of referees, etc., should be submitted by Sep- 
tember 14, 1961. 

H. H. Dickinson, 
Chief Executive Officer. 
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in 1961. Subscription price 
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£4 6s. (including postage) 
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Available in the 
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A bimonthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. The logical solution 
to the doctor’s dilemma of more and more literature and 
less and less time in which to read it. 


Organized under the following headings: Editorial. 
Pharmacology. Physiology. Biochemistry. Metabolism. 
Techniques. General Anesthesia. Spinal and Regional 
Anesthesia. Pediatric Anesthesia. Geriatric Anesthesia. 
Preoperative Care. Postoperative Care. Classical File. 
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EFFECTIVE 


TACTICS 


A smooth, sustained and powerful vasopressor 
effect is obtained in cases of shock when treated 
with ‘ARAMINE’ injection. Main advantages are: 


(1) Three routes offered 

(intravenous, intramuscular and subcutaneous) 
(2) Prompt, repeated response to repeated injections 
(3) Sure, flexible control of blood-pressure 


Disadvantages which are often associated with 
other vasopressors-such as secondary fall in 
blood pressure, cardiac arrhythmias and tissue 
sloughing - are not to be expected. 

How supplied: In 1 ml. ampoules and 10 ml. vials (10 mg. per 
ml.). Literature available on request. 


by three life-saving routes... 


Injection ARRAMINE 


Metaraminol bitartrate 
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A short time or a long time for muscular relaxation? 
B. W. & Co. provide a product for each need: 


‘A N E Cc T ' be E « Injection of Succinyicholine Chloride 


The first choice for procedures requiring rapid muscular relaxation of brief 
duration. 


; T U eh A R t ia E A Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for prolonged procedures, 
and where profound relaxation is required. 


B.W. & CO. Muscle Relaxants 


A cal BURROUGHS WELLCOME & co. (The Welicome Foundation Ltd.) LONDON 
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THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 


EXCERPTA MEDICA 


AMSTERDAM — LONDON — NEW YORK 


If you are not already familiar with the comprehensive medical abstracting services 
provided exclusively by Excerpta Medica, write today for a free brochure describing 
the contents of the twenty-five classified sections which are being published every month. 

More than 100,000 abstracts will be supplied by Excerpta Medica this year. More than 
2,500 medical journals in fifty-seven languages will be tapped for information. Hundreds 
of clinical procedures and new viewpoints will be presented that otherwise would not be 
available to physicians and research workers. Each section concentrates upon one major 


medical specialty. 
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would have everie man write what he knowes and no more.” —MONTAIGNE 
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SEPTEMBER 1961 


VOL. XXXIII, No. 9 


EDITORIAL 


A BRAZILIAN HONOURED 


AN interesting award that will gratify many of 
his friends in this country has been that of Com- 
mander of the British Empire to Professor Mario 
D’ Almeida of Rio de Janeiro. Professor D’Almeida 
holds the only chair of Anaesthesia in South 
America and was the first South American to be 
elected to the F.F.A.R.C.S. He did his post- 
graduate anaesthetic work in the Department of 
Anaesthetics at the London Hospital and in 
Oxford, and has been at the Strangers Hospital 
in Rio de Janeiro for over 30 years. During the 
war years and since he has done valuable work 
for the British Community in Rio and has played 
a leading part in encouraging visits by prominent 
British Surgeons and Anaesthetists to Brazil. 


PUBLISHERS’ NOTE 


READERS of the British Fournal of Anaesthesia will 
without doubt be interested to learn of the recent 
award of Honorary Fellowships to both General 
Editors of this Journal. To Dr. E. Falkner Hill in 
the Faculty of Anaesthetists of the Royal College 


Wednesday, March 15, and Professor Gray’s 
during his tour of Australasia as Sims Travelling 
Commonwealth Professor, at the meeting of the 
Royal Australasian College of Surgeons held in 
Brisbane. 


of Surgeons of England and to Professor Cecil 
Gray in the Faculty of Anaesthetists of the Royal 
Australasian College of Surgeons. Dr. Falkner 
Hill’s Fellowship was conferred by the Dean of 
the Faculty at the Board of Faculty meeting on 


Dr. Falkner Hill is also nominated to receive 
the Honorary Fellowship of the Association 
of Anaesthetists of Great Britain and Ireland 
at the Annual Meeting to be held in Dublin in 
October. 
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Brit. ¥. Anaesth. (1961), 33, 422 


ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED WITH 


ANAESTHESIA 
VII: THE EFFECTS OF NINE PHENOTHIAZINE DERIVATIVES 


BY 


JAMES Moore AND JOHN W. DUNDEE 
Department of Anaesthetics, The Queen’s University of Belfast, Northern Ireland 


In the original publication on chlorpromazine, 
Courvoisier and her associates (1953) reported 
that this phenothiazine potentiated the intensity 
and duration of action of analgesic drugs in 
animals. They did not, however, show that chlor- 
promazine itself possessed any analgesic action. 
Schneider (1954) also found that it increased the 
duration of morphine analgesia in mice. Kopera 
and Armitage (1954), on the other hand, were 
unable to demonstrate any potentiation of mor- 
phine analgesia by either chlorpromazine or pro- 
methazine. All these workers used the same 
species of animals in their studies, employed the 
same technique for the measurement of analgesia 
and injected the same dosage of chlorpromazine 
(10 mg/kg). More recently, Tripod and Gross 
(1957), using a similar experimental technique, 
found that chlorpromazine increased the duration 
of morphine-induced analgesia, and demonstrated 
that promazine had a similar action. 

Despite the widely publicized claims for the 
potentiation of analgesic action by phenothia- 
zines, the authors were unable to find reports of 
any other animal experiments which have a direct 
bearing on the subject. Controlled observations 
in man are also very few. Using the Hardy, Wolff 
and Goodell (1948) technique for measuring pain, 
Hougs and Skouby (1957) found that the chlorin- 
ated phenothiazines possessed an analgesic action 
which was not present in the nonchlorinated com- 
pounds. The most extensive study has been that 
of Boreus and Sandberg (1959) who also used 
the thermal method for measuring analgesia and 
carried out investigations in 184 subjects aged 
between 20 and 25 years. They found that 15 mg 
of chlorpromazine had some analgesic action and 
that it augmented the analgesic effect of metha- 
done 6 mg. No analgesic activity could be demon- 
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strated for pecazine 15 mg and when combined 
with methadone it antagonized the analgesic action 
of the latter. Acetylpromazine was studied in 
5-mg doses and was found to have no analgesic 
effect but it did not antagonize the action of 
methadone. 

Judging by the amount of data in the literature, 
the unsubstantiated claims made for the pheno- 
thiazines may be based on observations of the 
amount of analgesic drugs required in the post- 
operative period in patients to whom the drugs 
have already been given either in pre-anaesthetic 
medication or during anaesthesia. In 1950, 
Laborit, who popularized the use of these drugs, 
found that postoperative analgesic drugs were not 
required when diethazine and promethazine had 

een given before and after operation. This was 
attributed to the “central analgesic and hypnotic” 
properties of these drugs. 

Dripps et al. (1955) reported that the addition 
of 5 to 12 mg of chlorpromazine to the usual pre- 
medication increased its efficacy and augmented 
the anaesthetic action of nitrous oxide and oxygen 
mixtures. The use of several oral doses of 25 mg 
of chlorpromazine before and after anaesthesia 
was studied in patients undergoing thoracic 
surgery by Boulton (1955). He found that this 
drug made patients indifferent to pain, reducing 
the postoperative requirements of pethidine by 
23 per cent in females and by 6 to 7 per cent in 
males. He concluded that chlorpromazine poten- 
tiated the action of analgesic drugs. In a well 
organized trial, in which variables were reduced 
to minimum, Dryberg and Johannsen (1958) could 
find no difference in the requirements of anaigesic 
drugs in the postoperative period between patients 
premedicated with morphine 10 mg or chlorpro- 
mazine 50 mg. The results of these clinical studies 
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suggest that chlorpromazine may have some 
analgesic action of its own and that it increases 
the efficacy of analgesic drugs. 

Sadove (1956) reported that a combination of 
promethazine and an analgesic drug gave the same 
degree of relief from pain as was obtained using 
a larger dose of analgesic alone. The pre- and 
postanaesthetic use of promethazine reduced the 
requirements of analgesics to one-sixth to one-half 
of normal. Watrous (1957), although finding that 
promethazine was an unsatisfactory sedative drug 
for premedication, noted that it decreased the 
dose of thiopentone and of analgesic drugs re- 
quired during anaesthesia. He gave no figures to 
support his claim. Contrary to the above findings, 
Bergner and Ma (1960) did not find evidence of 
any analgesia in 271 patients premedicated with 
promethazine and noted that both the frequency 
and intensity of their reactions to stimuli were 
similar to those of patients who had been given a 
barbiturate. Similarly, Pitcher (1959) found that 
the intravenous use of promethazine during anaes- 
thesia did not “settle” patients in a manner which 
would be expected from the opiates. 

In his technique of “ataralgesia”, in which he 
attempted to produce total analgesia without loss 
of consciousness, Hayward-Butt (1957) combined 
pethidine, pecazine and amiphenazole and attri- 
buted his success to the potentiating effect of 
pecazine on pethidine. However, Boreus and 
Sandberg (1959), as already mentioned, demon- 
strated an anti-analgesic effect of pecazine but 
found that amiphenazole potentiated the analgesic 
action of methadone. These results suggest an 
alternative explanation for the good results re- 
ported by Hayward-Butt (1957), which is sup- 
ported by the findings of Davies (1959). When 
trying to evolve a suitable technique of analgesia 
for dressing of burns, she found that pethidine 
with amiphenazole was superior to a mixture of 
pethidine, amiphenazole and pecazine. 

Despite the number of publications which deal 
with the effects of promethazine and pecazine, 
there is much less concrete evidence in support 
of their having an analgesic action, or a potentiat- 
ing effect on analgesic drugs, than there is for 
chlorpromazine. None of the newer phenothiazine 
derivatives appears to have been studied in any 
detail and it has been possible to find references 
to the use of perphenazine and triflupromazine 
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only. Phillips et al. (1958) in two comparable 
groups of patients found that the addition of 5 
mg of perphenazine to the standard premedication 
reduced the incidence of requirements of analgesic 
drugs in the postoperative period from 20 per 
cent to 9.2 per cent. Lear and his colleagues 
(1959), also in a carefully controlled trial, found 
that triflupromazine 10 to 20 mg halved the 
requirements of postoperative analgesic drugs. 
Space does not permit a detailed discussion of 
the findings relating to the use of phenothiazine 
derivatives in chronic pain or in obstetrics. Fur- 
thermore, it is difficult to be certain whether any 
beneficial effect which they may have under these 
circumstances is indicative of a true analgesic 
action or is due to a potentiation of analgesic drugs. 
It must be remembered that an ataractic action, 
with decrease in anxiety reactions, can be produced 
in experimental animals with doses of chlorpro- 
mazine and morphine which are insufficient to 
cause a detectable degree of analgesia (Ambrus 
et al., 1957). It is worthy of note that the drug 
which has proved most beneficial as an adjuvant in 
the management of chronic pain is chlorpro- 
mazine (Sadove et al., 1954; Dundee, 1957). In 
the field of obstetrics beneficial effects have been 
reported following the use of chlorpromazine 
(Browne and Mannion, 1955; Karp, Lamb and 
Benaron, 1955; Savage, 1955), promethazine 
(Hobbs and Carroll, 1958; Adelman et al., 1959; 
O’Sullivan, 1960), promazine (Macvicar and 
Murray, 1960), and perphenazine (Harer, 1958). 
When investigating the reliability of a method 
of analgesimetry the present authors found that a 
mixture of pethidine 100 mg and promethazine 
50 mg (Pamergan P.100) was almost devoid of 
analgesic activity, whereas by the same technique 
they consistently demonstrated an analgesic action 
following the administration of pethidine alone. 
This led to an investigation of the action of 
promethazine on the patients’ appreciation of pain 
which has been reported recently (Moore and 
Dundee, 1961a). Irrespective of the route of ad- 
ministration, it was found that 50 mg of prome- 
thazine was followed by an increased sensitivity 
to pain and that it consistently antagonized the 
analgesia produced by pethidine. These findings 
prompted a study of the action of a smaller (10 
mg) dose of promethazine and also of other 
phenothiazine derivatives used in anaesthetic 
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practice. This report describes the results of this 
investigation and attempts to relate their actions 
to the chemical structure of the drugs. It will be 
apparent from the preliminary discussion that 
similar comparative data on this action of the 
phenothiazine derivatives is not available in the 
literature. 


Phenothiazine derivatives studied. 
The chemical structure of these is shown in 
figure 1, in which the drugs have been grouped 
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according to the classification described by Rees 
(1960). Some difficulty was encountered in decid- 
ing upon equipotent doses of different phenothia- 
zine derivatives and eventually is was decided to 
use the dosage of each drug most commonly 
employed in anaesthetic practice. Since different 
publications have described the use of pheno- 
thiazine derivatives in anaesthesia for a variety of 
purposes (pre-operative sedation, antisialogogue 
effect, production of hypothermia, potentiation 
of anaesthetics and anti-emetic action) it is not 


S R, 
Proprietary Phenothiazine 
Generic name name nucleus R, 
Dimethyl amino propyl! side chain 
R, CH, CH, CH, N(CH;), HCI 
1. Chlorpromazine Largactil 
R, Cl 
R, CH, CH(CH;) N(CH;), HCI 
2. Promethazine Phenergan 
R, H 
R, CH, CH, CH, N(CH;), HCI 
3. Promazine Sparine 
R, H 
R, CH, CH, CH, N(CH;), HCI 
4. Trifluopromazine Vespral 
R, CF; 
R, CH, CH(CH;) CH, N(CHs)2 
5. Trimeprazine Vallergan 
R, H 
Piperazine side chain 
R, CH, CH, CH, N N CH, 
1. Prochlorperazine Stemetil 
R, Cl 
2. Perphenazine Fentazin R, CH;CH,CH,N > N CH, CH, OH 
R, Cl 
3. Trifluoperazine Stelazine | Ri CH CH; CH; N N CH, 2 HCI 
R, CF; 
Piperidine side chain . 
R, CH, > N CH; 
1. Pecazine Pacatal 
R, H 
Fic. 1 


Chemical structure of phenothiazine derivatives studied. 
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certain that the dosages of the different drugs 
used in this study are strictly comparable as re- 
gards any single one of their various facets of 
action. 

METHOD 
The patient’s appreciation of pain was estimated 
by the method of analgesimetry described by 
Dundee and Moore (1960). This consists of the 
gradual application of pressure to the anterior 
surface of the tibia. Two endpoints were deter- 
mined (a) when the feeling of pressure changed 
to pain (threshold) and (b) when the pain became 
unbearable or when the limb was moved in 
response to the stirnulus (response). Previous tests 
have determined the degree of error associated 
with this method and have demonstrated its 
reliability on repeated usage. 


RESULTS 


Intravenous injection. 
This would seem to be the most suitable route 


THRESHOLD 45 
+4 


+3, 


PETHIDINE 


TRIFLUPROMAZINE 
PERPHENAZINES 


PROMETHAZINE 


7S 2 6 
MINUTES 
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of administration for this study but unfortunately 
in the doses used the phenothiazine derivatives 
caused an appreciable degree of hypotension. 
Apart from the difficulties in reversing the falls 
in blood pressure and their frequent persistence 
during the course of the subsequent anaesthesia, it 
was found repeatedly that the scatter of duplicate 
readings became more marked during profound 
hypotension and thus the significance of the find- 
ings became less. In addition to this, the intra- 
venous injection of most of the phenothiazine 
derivatives caused a marked degree of restlessness 
and agitation in the conscious subject. This 
phenomenon occurred within 10 minutes of injec- 
tion and frequently persisted for 15 to 20 minutes. 
The restlessness was so severe in some patients 
that it was necessary to abandon the study and 
induce anaesthesia. 

Figure 2 shows the average deviations of thres- 
hold and response readings from the control with 
five of the phenothiazine derivatives under study. 


RESPONSE 


+4 4 PETHIDINE 


PERPHENAZINE 


CHLORPROMALINE 
PROMALINE 


PROMETHATINE 


1 20 25 30 
MINUTES 


5 10 


Fic. 2 
Average alterations in pain threshold and response readings following the intravenous injec- 
tion of several phenothiazines and comparison of these effects with that of pethidine 100 mg 
(For number of observations and dosage, see text.) 
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This represents the average of five observations 
with promethazine 50 mg and of two with each 
of the other drugs. The average of seven readings 
with pethidine 100 mg is included for comparison. 
Bearing in mind the limitation of these findings 
it would appear that all the compounds studied 
increase sensitivity to pain and that this effect 
seems to be more marked with promethazine 50 
mg than with the other drugs. The maximum 
“anti-analgesic” effect appeared about 20 minutes 
after intravenous injection but it was not possible 
to prolong the investigations and thus obtain an 
estimate of its duration of action. There was no 
correlation between the onset of restlessness and 
increased appreciation of pain, and in fact many 
patients had passed through the stage of extreme 
agitation and were calm and drowsy when the 
greatest decrease in pain readings was noted. 


Intramuscular injection. 

In these studies the phenothiazine derivatives 
were given in combination with atropine 0.6 mg, 
as pre-anaesthetic medication before the opera- 
tion of uterine curettage. The patients were all 
of good physical status, conforming to the require- 
ments of grades 1 and 2 risks of the American 
Society of Anesthesiologists’ classification as des- 
cribed by Dripps, Eckenhoff and Vandam 
(1957). 
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Control readings in duplicate were made be- 
fore injection of the drug and on two or more 
occasions before the induction of anaesthesia. It 
was observed that the peak effect of the pheno- 
thiazine derivatives occurs 75 to 90 minutes after 
intramuscular injection and it was necessary to 
make certain that readings were made at this time. 

Since the actions of nine phenothiazine deriva- 
tives were studied and since two of these were 
studied at more than one dose level, it was not 
possible to present the findings in the same detail 
as for promethazine 50 mg in the earlier publica- 
tion. We therefore calculated the percentage 
incidence of changes in both the threshold and 
response readings which we observed 75 to 90 
minutes after administration of the phenothiazine 
derivatives. These are shown in table I, which 
also includes data for pethidine 100 mg to illus- 
trate the different effects of the phenothiazine and 
analgesic drugs. 

In order to arrive at a single figure for each 
drug, which would give some guide as to its 
analgesic or anti-analgesic action the “analgesia 
index” has been devised. This is calculated as 
follows : 


Incidence of increase )__,;,,.{ Incidence of decrease 
in readings in readings 


Total number of observations. 


TABLE I 
Incidence of changes in pain threshold and response readings produced 75 to 90 minutes 
after injection of various phenothiazines and the “‘analgesia index” for these drugs. 
Data for 100 mg pethidine are included for comparison. 


alteration in pain readings 


Percentage incidence of 


No. of 


Drug patients 


Increase 


Decrease 


No 
change 


Chlorpromazine 
Trimeprazine 
Promazine 
Promazine 


Prochlorperazine 
Perphenazine 
Trifluperazine 
Triflupromazine 


Promethazine 
Promethazine 
Pecazine 


Pethidine 


| 
| Dose | Analgesia 
| 50 11 22 70 8 +0.14 aoe 
| 25 10 48 38 14 +0.34 pei: 
100 22 25 64 +0.14 
| 25 20 17 75 8 -0.09 
125 | 17 0 83 17 —0.17 
5 30 7 67 26 —0.19 ag 
1 9 0 67 33 ~0.33 es 
20 24 0 63 37 —0.37 o. 
50 56 2 30 68 ~0.66 eS 
| 10 12 8 20 72 —0.64 = 
50 11 0 27 73 —0.73 ae 
Pe | 100 80 62 31 7 +0.55 pe 
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It can be seen from table I, that none of the 
phenothiazine derivatives showed the same degree 
of analgesic action as pethidine. The findings 
in this table enable them to be classified into three 
groups as follows: 


1. Those showing some analgesic activity, as 
judged by a positive analgesia index. 
(Chlorpromazine, trimeprazine, and proma- 
zine. ) 


2. Those with a mild anti-analgesic action, in 
which the majority of changes in readings fell 
within the accepted range of error of the 
method of analgesimetry but where analgesia 
index has a negative value. (Prochlorpera- 
zine, perphenazine, trifluperazine, triflu- 
promazine.) 


3. Markedly anti-analgesic drugs, with a pre- 
ponderance of decrease in pain readings and 
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a negative analgesic index. (Promethazine 
and pecazine.) 

There was no significant difference in the dis- 
tribution of the incidence of changes in readings 
between individual drugs in any of the above 
groups. 

The average effect of each of the three classes 
of drugs is shown in table II, and it can be seen 
that each group is significantly different from the 
others. Lest it be thought that the title “some 
analgesic activity” ascribed to group 1 in this 
table suggests that it is composed of pethidine- 
like drugs, it is important to note that a highly 
significant difference in the incidence of altera- 
tions in pain readings exists between the effects 
of these phenothiazines and that of pethidine 
(table III). The number of observations with tri- 
meprazine was too small to include in thjs analysis 
and the reasons for this paucity of cases have 
been explained (Dundee and Moore, 1961c). 


Taste Il 


Comparison of analgesic action of groups of phenothiazine derivatives, arranged 
according to scheme outlined in text. 


Percentage incidence of 
alterations in pain readings 


Class 


Increase 


Analgesia 


Decrease index 


Some analgesic activity 
Mildly anti-analgesic 
Markedly anti-analgesic 


a 
3 
4 


+0.15 
— 0.26 
— 0.68 


Groups compared 


Significance of difference between 
distribution of readings 


1 and 2 
1 and 3 
2 and 3 


df=2; P<0.001 
df=2; P<0.001 
df=2; P<0.001 


TABLe III 


Comparison of the analgesic action of the group I phenothiazines 
with that of pethidine 100 mg. 


Significance of difference of distribution of 
analgesic readings from those of pethidine 100 mg 


Drug 


df Probability 


21.347 
16,075 

8.952 
35.962 


Chlorpromazine 50 mg 
Promazine 100 mg 
Promazine 25 mg* 

All Group 1 


2 P<0.001 
2 P<0.001 
1 P<0.01 

2 P<0.001 


* With promazine 25 mg it was necessary to pool two groups of effects 
(increase in readings and no change in readings). 


3 

; 

4 

No 

ch 

1 61 12 

2 69 28 

3 24 72 

x? = 28.232; 
7? = 93.006; 

iv 

i 
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The subdivision of phenothiazine drugs accord- 
ing to analgesic activity bears no relationship to 
the chemical subdivision in figure 1. A few com- 
parisons of the effects of compounds differing only 
in one chemical group are shown in table IV. 
Although only the “analgesia index” is shown in 
this table, differences were calculated from the 
absolute figures which form the basis of table I. 

It is unwise to draw too rigid conclusions as to 
the effect of chemical structure on clinical action 
from observations with a small number of drugs 
but we have definitely failed to substantiate the 
finding of Hougs and Skouby (1957) that chlor- 
ination increases the analgesic action of the 
phenothiazines. This is further shown by the 
presence of two chlorinated compounds (per- 
phenazine and prochlorperazine) in group 2 as 
classified above, while the group of compounds 
showing most analgesic activity contained only one 
chlorinated phenothiazine. The action of fluorina- 
tion in decreasing analgesic activity appears to be 
pronounced but observations with more com- 
pounds are needed before this can be stated with 
certainty. 

The effect of replacing a dimethylaminopropyl 
side chain by a piperazine ring on the analgesic 
action of phenothiazines is not clarified by the data 
in table IV. It may be of some importance to note 
that all the piperazine-containing phenothiazines 
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have been classed as having mild anti-analgesic 
activity in table I, whereas all the ones for which 
an analgesic action has been demonstrated have a 
dimethylaminopropyl side chain. 

The present findings do not suggest any reason 
for the strong anti-analgesic action of prometha- 
zine, which is demonstrable even with a 10 mg 
dose. The consistency of this action is shown by 
the fact that the analgesic index is practically 
identical for 50 and 10 mg doses of promethazine 
and, as will be seen, this index was calculated from 
a fairly large series of observations with both doses. 
The writers are also unable to suggest any chemi- 
cal relationship between promethazine and 
pecazine, which might be responsible for the 
similarity of their actions. 


DISCUSSION 
It is necessary to stress that the main findings in 
this paper apply to the effects of the phenothia- 
zines as observed 60 to 90 minutes after intra- 
muscular injection. They do not exclude the 
possibility of a biphasic reaction with an early 
increase in appreciation of pain followed by a later 
decrease. Clinical facilities did not permit the 
authors to carry out observations at longer time 
intervals. The findings are considered to be of 
importance to anaesthetists in that they reflect the 
changes in response to somatic pain which may be 


TABLE [V 


Comparison of effect of phenothiazines, which differ from each other in only one chemical group, 
on the patients’ appreciation of pain. 


Factors under study 


Dimethylaminopropy! 


v. 
Piperazine side chains 


Chlorination 


Fluorination 


Analgesia : 
Drugs compared index Significance of difference 
Triflupromazine 20 mg —0.33 
Trifluperazine 1 mg —0.37 = 0.084: df= 1*: 0.80>P>0.70 
Chlorpromazine 50 mg +0.14 yx? = 9.404: df=2: P<0.01 
Prochlorperazine 12.5 mg —0.17 
Triflupromazine +Chlorpromazine | —0.17 = 3.709: df =1*: 0.10>P>0.05 
Trifluperazine + Prochlorperazine —0.23 
Promazine 100 mg +0.14 isaiig 
Chlorpromazine 50 mg +0.14 7° = 0.250: df =2: 0.70>P>0.50 
Promazine 100 mg +0.14 
Triflupromazine 20 mg —0.33 x? = 8.591: df=2: P<0.02 


* Paucity of numbers of cases showing a rise in readings necessitated pooling these with those in whom the drug had 
no appreciable effect on the pain readings. The significance levels were calculated from the incidence of readings which 
revealed an increase in sensitivity to pain as compared with the remaining observations. 


2 
3 
| 
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anticipated with the drugs which are used for 
routine pre-anaesthetic medication. 

These results show that minor alterations in the 
side chains attached to the phenothiazine nucleus 
can produce marked differences in their clinical 
actions. This is known to apply to the barbiturates, 
ethers, sulphonamides and many other widely used 
drugs. In the case of the barbiturates the effects 
of some of the side chains are fairly well under- 
stood but, apart from the decrease in analgesic 
activity produced by fluorination, this does not 
yet apply to the phenothiazine group. However, 
although this study is only concerned with one 
facet of their actions, it demonstrates that it is 
wrong to consider the phenothiazines as a group 
of compounds with qualitatively similar actions in 
which the more recently introduced compounds 
differ from chlorpromazine only in their potency 
and toxicity. 

This study also prompts reconsideration of the 
action of the “lytic cocktail” consisting of pethi- 
dine, promethazine and chlorpromazine. Moore 
and Dundee (196la) found that a mixture of 
pethidine 100 mg and promethazine 50 mg was 
almost devoid of analgesic activity and, from the 
present results it would not be expected that the 
addition of 50 mg chlorpromazine would enhance 
the analgesic action of this mixture to any signi- 
ficant degree. However, Smith and Fairer (1953) 
and Harrison (1955) reported that following the 
use of the lytic cocktail patients did not require 
any postoperative analgesic drugs for several hours. 
They stressed that the pain-free postoperative 
period was one of the advantages associated with 
its use. Vialard (1953) found that an infusion of 
pethidine and chlorpromazine eased pain in 
patients in whom the opiate alone was ineffective. 
In the light of the findings in this paper, these 
observations, together with the beneficial effects 
of the phenothiazines in obstetrics (including those 
classed in table I as being markedly anti-analgesic) 
suggest that the view that they produce a “phar- 
macological frontal lobotomy” as postulated by 
Terzain (1952). Detailed studies of the analgesic 
action of the pethidine, promethazine and chlor- 
promazine combination are in progress in order 
to clarify this point. 

One of the most important clinical applications 
of the findings in this study is the effect of the 
pre-anaesthetic use of the phenothiazine com- 
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pounds on the course of barbiturate anaesthesia. 
Dundee and Riding (1960) demonstrated that 
opiate premedication reduced the incidence of 
abnormal muscle movements associated with the 
use of thiopentone and Inactin. Subsequent in- 
vestigations showed that anaesthesia with metho- 
hexitone (Brietal) was much more influenced by 
the type of premedication than were the two thio- 
barbiturates; compared with the use of atropine 
alone, pethidine very markedly lowers the fre- 
quency of muscle movements (Dundee and Moore, 
196la), whereas the anti-analgesic drugs pro- 
methazine (Moore and Dundee, 196la), and 
hyoscine (Dundee and Moore, 1961b) increases 
both the incidence and intensity. In a study carried 
out concurrently with the present one, the authors 
found that the incidence of abnormal spontaneous 
muscle movements occurring following the injec- 
tion of 1.6 mg /kg of methohexitone was directly 
related to the analgesic index of the pheno- 
thiazine derivatives used for pre-anaesthetic 
medication (Dundee and Moore, 196lc). The 
extent to which these findings apply to thiopen- 
tone has not yet been determined. 

It is tempting to postulate some connection 

etween the findings of these analgesic studies and 
the anti-adrenaline action of the phenothiazines. 
Gross et al. (1948) have demonstrated the anal- 
gesic effect of adrenaline in man, while Parson and 
Goetzl (1945) claimed that pain itself raises the 
pain threshold because of the release of adrenaline. 
Animal experiments by Goetzl, Burrill and Ivy 
(1944) showed that amphétamine intensifies mor- 
phine analgesia, while there are many convincing 
reports of the beneficial effects of combinations of 
amphetamine or dextroamphetamine with mild 
analgesics (Long, 1950; Coppersmith, 1951; Reed, 
1956). An adrenolytic action has been claimed 
for most of the phenothiazine derivatives but 
comparative data concerning their potency in this 
respect is limited to the report of Eggers, Corssen 
and Allen (1959). Their finding that chlorpro- 
mazine has a more marked adrenolytic effect than 
promethazine, while the action of pecazine is 
intermediate between these two, cannot be corre- 
lated with the observations reported here on the 
anti-analgesic action of the drugs. It is not pos- 
sible, however, to dismiss completely some, as yet 
unexplained, connection between these two facets 
of the action of the drugs. 
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SUMMARY AND CONCLUSIONS 


Although there is some evidence in the literature 
to show that chlorpromazine potentiates the action 
of analgesic drugs, this has not been shown to 
apply to all the members of the phenothiazine 
group. This aspect of their actions has been studied 
by the authors, using a method of analgesimetry 
in which a measurable degree of pressure is applied 
to the anterior surface of the tibia until the patient 
experiences pain. 

The findings suggest a division of the pheno- 
thiazines into three groups as follows: 

1. Those having some analgesic activity: chlor- 
promazine, promazine, trimeprazine. 
Those having slight anti-analgesic action: 
prochlorperazine, perphenazine, trifluper- 
azine, triflupromazine. 
Those having markedly 


anti-analgesic 


activity: promethazine and pecazine. 
Several unsuccessful attempts were made to 
correlate the above grouping with the chemical 
structure of the drugs. Fluorination may decrease 
analgesic action to some extent. 
The degree of analgesia produced by group 1 
phenothiazines is not as marked as that produced 


by pethidine. 


Some of the implications of these findings have 
been discussed. 
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CORRESPONDENCE 


MUSCLE PAINS AFTER SUXAMETHONIUM AND 
SUXETHONIUM 


Sir,—The investigation reported by Burtles (Brit. 
}. Anaesth., 1961, 33, 147) showed no appreciable 
difference in the pain producing powers of these 
two drugs when used by a group of anaesthetists 
with differing techniques and anaesthetic drugs. 
In my investigation (Brit. 7. Anaesth, 1959, 31, 
530) I tried at first to assess the results obtained 
by all our anaesthetists in a somewhat similar 
fashion, but found the results unreliable and 
certainly not comparable because of the wide 
variations in techniques, drugs, and of course in the 
skill of the anaesthetist. I therefore restricted my 


investigation to my own work entirely, inan attempt 
to obviate a large number of these variables. 

Under these circumstances, therefore, it seems 
to me that the basis of my comparison made on 
patients I anaesthetized myself, when almost all 
the surgery was performed by one surgeon, and 
at times the two drugs compared on the same 
patient, is more reliable than that reported by 
Burtles. 

I can state with confidence that the differences 
I observed have led me to use suxethonium in 
preference to suxamethonium whenever I require 
a short-acting relaxant. 


G. E. HALE ENDERBY 
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THE CARDIO-OESOPHAGEAL JUNCTION 


BY 


J. GREENAN 
Department of Anaesthesia, The Royal Infirmary, Manchester, England 


ASPIRATION of gastric contents following regurgita- 
tion or vomiting is probably the most common 
serious accident to occur in connection with 
general anaesthesia. In a report of the Committee 
of the Association of Anaesthetists investigating 
deaths associated with anaesthesia (Edwards et al., 
1956) it was established that aspiration of gastric 
contents was the most common single cause of 
death. 

Fortunately not all instances of regurgitatior or 
vomiting have a fatal outcome. Indeed, regurgita- 
tion may not be noticed. An investigation by 
Culver, Makel and Beecher (1951) showed that the 
actual incidence of regurgitation may be as high as 
26 per cent. Similar results have been obtained by 
a number of recent investigators. A good repre- 
sentative survey is that of Berson and Adriani 
(1954) who report on 926 patients. They adminis- 
tered carmine red in gelatine-coated capsules with 
15 ml of water half an hour before operation. The 
patients were routinely prepared and had been 
fasting for 8 hours. The pharynx of each patient 
was examined postoperatively and any dye present 
was aspirated. Ammonia was placed in the suction 
bottle and a colour change to purple indicated that 
dye and not blood was present. Berson and Adriani 
found an overall incidence of regurgitation of 14 
per cent. In those intubated they found an 
incidence of 25 per cent. In those with a Ryle’s 
tube they found an incidence of 23 per cent even 
though these latter patients were aspirated before 
induction and the tube was allowed to drain freely 
during the operation. 

These figures alone lead to the inescapable con- 
clusion that the cardio-oesophageal junction is of 
great concern to the anaesthetist. 


MECHANISM OF THE CARDIO-OESOPHAGEAL 
JUNCTION 


Many theories have been put forward to explain 
the normal one-way traffic at the cardio- 


oesophageal junction; some of these theories 
are patently untenable while none, the author feels, 
has been demonstrably conclusive. 

Anatomical. Two and a half centuries ago 
Helvetius (quoted by Marchand, 1955) described 
an anatomical sphincter at this site but some 
modern anatomists doubt the existence of a 
sphincter as an entity. Lendrum (1937), who 
dissected 150 specimens, denied the existence of a 
sphincter, whereas Lerche (1950), who dissected 
100 specimens, believed that a sphincter did exist. 
The large number of oesophagi which were 
dissected before a decision for or against the 
presence of a sphincter could be made would 
suggest that, even if present, the sphincter is not 
obvious and is unlikely to have the same 
sphincteric effect as the other clearly recognizable 
sphincters. 

Crural compression. Chevalier Jackson (1922) 
claimed, and more recently others supported the 
view, that the diaphragmatic crura exert a pinch- 
cock effect. The compression of the lower 
oesophagus by the crural fibres has been claimed 
to account for the hold-up in a “barium swallow” 
during inspiration and the formation of what is 
radiologically termed the “phrenic ampulla”. This 
might explain the efficiency of the junction during 
inspiration when the crura contract but not during 
expiration. Obviously when neuromuscular block- 
ing agents are used during general anaesthesia the 
competence of the cardio-oesophageal junction 
cannot be dependent on extramural compression 
because the paralyzed crura can no longer actively 
contract. 

Physiological sphincter. Payne and Poulton 
(1927) suggested that the lower end of the 
oesophagus possesses sphincteric action even 
though no anatomical sphincter could be displayed, 
and subsequently sphincter activity was demon- 
strated in parts of the gut remote from any 
anatomical sphincter. Radiographs taken to 
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demonstrate caustic injuries to the oesophagus lend 
some support to the sphincter theory. The stricture 
at the lower end of the oesophagus usually stops 
short of the gastro-oesophageal junction and a 
terminal segment is seen to be normally dis- 
tensible. This is a constant finding which suggests 
that spasm of this segment occurs at the moment 
of injury and so itself escapes corrosion, though in 
so doing it causes severe injury to occur 
immediately above. 

These three theories—anatomical, crural com- 
pression, and the theory of a _ physiological 
sphincter—have been advocated and refuted in the 
past. It is evident that no one of them alone can 
adequately explain the facts. 

Modern view. In recent years a different 
approach has been made in an attempt to solve the 
problem. Before discussing the latest trends it is 
important to have clearly in mind the two facts 
which must be explained. Firstly, there is the 
question of the temporary delay at the cardio- 
oesophageal junction under normal conditions of 
swallowing. This has already been referred to as 
the “phrenic ampulla” seen radiologically during 
deep inspiration. Secondly, a convincing explana- 
tion must be found for the undoubted fact that 
under normal conditions food passes in one direc- 
tion only from the oesophagus to stomach whether 
the subject be erect, horizontal or standing on his 
head. 


Delay at cardio-oesophageal junction 
on swallowing. 

During the screening of a “barium swallow” it 
may be observed that strong peristaltic waves 
passing down the oesophagus to within a few 
centimetres of the cardia fail to force the barium 
into the stomach during deep inspiration. The 
terminal oesophagus is caught between a distend- 
ing force from above and a resisting force from 
below, hence the formation of the ampulla. These 
observations have been said to prove that the 
diaphragmatic crura compress the oesophagus and 
cause a hold-up of barium but Dornhorst, 
Harrison and Pierce (1954) have attributed this 
hold-up of barium to the pressure gradient between 
abdomen and thorax on inspiration. 

The intrathoracic pressure is subatmospheric 
during quiet respiration varying from —10 cm 
H,.O during inspiration to -5 cm H,O during 
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expiration. The intraperitoneal pressure varies 
from +5 cm H,O on inspiration to zero on 
expiration. These pressure changes are transferred 
respectively to the oesophagus and stomach and 
effect a pressure gradient of at least 15 cm H,O 
across the gastro-oesophageal junction. 

Marchand (1955) performed experiments to 
observe the effects of increased intraperitoneal 
pressure on the oesophagus filled with barium. He 
employed an inflatable rubber balloon held against 
the abdominal wall, inside an encircling bandage, 
in order to raise the intraperitoneal pressure. He 
was able to show by investigating patients with a 
therapeutic pneumoperitoneum that the balloon 
pressure had a direct linear relationship with the 
intraperitoneal pressure (fig. 1). His radiological 
observations were as follows: 

(1) A phrenic ampulla was always formed when 
barium was swallowed with the balloon inflated to 
to a pressure of 60 to 80 cm H,O. 

(2) When the pressure in the balloon was 
increased to over 120 cm H,O the passage of 
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Fic. 1 
Correlation of balloon pressures with mean intraperi- 
toneal pressures. The peritoneal pressures were 
measured by inserting a needle into a pneumoperi- 
toneal space and recordings were taken each time the 
balloon pressure was increased by 20 cm H,O. 
(Reproduced from: Marchand, P. (1955), Brit. J. 
Surg., 42, 504.) 
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barium into the stomach was either prevented or 
else only achieved after vigorous peristaltic con- 
tractions had been evoked. 

(3) When swallowing efforts were made against 
high intraperitoneal pressures, regurgitation from 
the stomach sometimes occurred and newly 
swallowed barium was forced back into the mouth. 

Thus Marchand obtained visual evidence of 
delay in the oesophagus directly attributable to an 
increased pressure gradient. 


Prevention of regurgitation. 

It may be asked “Why does the pressure 
gradient, which is higher on the abdominal side 
and lower on the thoracic side effect delay to 
swallowing but not facilitate reflux or regurgitation 
from the stomach into the oesophagus?” 

To help answer this, one may cite Barrett 
(1954), Dornhorst, Harrison and Pierce (1954) and 
Creamer (1955), who independently uphold the 
presence of a flap valve of mucous membrane 
which is situated at the exact point of junction of 
oesophagus and stomach. This valve is said to work 
by pouting the gastric mucous membrane at the 
lower end of the oesophagus. It depends for its 
efficiency on the normality of the underlying 
muscularis mucosa which moves the mucous mem- 
brane and causes it to pout into the orifice. Failure 
to identify the cardiac orifice when a thoracoscope 
was inserted into the stomach at laparotomy was 
said to lend support to the presence of this valve; 
and the absence of a dimple in the region of the 
oesophageal orifice when a patient with barium in 
the stomach was put in the head-down position was 
said to constitute additional supportive evidence. 

More convincing evidence has been obtained to 
show that the angle at which the oesophagus enters 
the stomach is of considerable significance in pre- 
venting regurgitation. Allison (quoted by Barrett, 
1954) showed in the following experiment that the 
angle of entry of oesophagus into the stomach was 
important in preventing regurgitation; he arranged 
on the necropsy table an oesophagus and stomach 
in normal relationship to each other and found that 
water pumped in at the pylorus was held up at 
the cardia. If the preparation was laid out as a bell 
with the oesophagus as handle then the cardia 
became incompetent. 

Marchand (1955) performed an experiment on 
the stomachs of young male cadavers. He cannula- 
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ted the pylorus and distended the stomach with 
water from a reservoir which was raised alongside 
a measured rule until the water was seen to escape 
from the oesophagus. He repeated the experiment 
for different positions of the stomach: (1) in the 
undisturbed position; (2) with the left dome of the 
diaphragm removed so that the fundus was 
increased and allowed to bulge up into the chest; 
(3) with the fundus excluded from the stomach by 
means of a clamp. 

Table I shows the results of Marchand’s experi- 
ments on the stomachs of cadavers. Interesting and 
illuminating as these figures undoubtedly are, from 
the anaesthetist’s point of view they suffer from 
the disadvantage of being obtained from experi- 
ments on cadavers and not on anaesthetized sub- 
jects with an intact autonomic nervous system. 


TABLE I 


Intragastric pressure necessary to Cause incompetence 
at cardio-oesophageal junction. 


Position 3 
9 cm H,O 


Position 2 
42 cm H,O 


Position 1 
28 cm H,O 


Position 1 is the undisturbed position of the stomach 

in a cadaver. In position 2 the left dome of the 

diaphragm is removed, allowing the fundus to bulge 

up into the chest. In position 3 the fundus is excluded 

from the remainder of the stomach by means of a 

clamp. From data in Marchand (1955) with the 
author’s permission. 


However, considering the radical character of this 
work it is understandable that it has not been 
applied to the living subject. It is not surprising 
therefore that the literature is devoid of quantita- 
tive information on the competence under 
anaesthesia of the cardio-oesophageal junction in 
relation to the oesophago-fundal angle. With this 
in mind it was decided to investigate the com- 
petence of the junction under anaesthesia and to 
observe what effect altering the oesophago-fundal 
angle would have on the competence of the 
junction. 


COMPETENCE OF CARDIO-OESOPHAGEAL JUNCTION 
UNDER ANAESTHESIA 


The work was carried out on fifteen patients on 
whom a laparotomy was performed under general 
anaesthesia. A Burge oesophageal tube, size 24 
English catheter gauge, with a large inflatable 
cuff near the tip, was introduced through the 
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oesophagus into the stomach. When the presence 
of the tube in the stomach was identified by the 
surgeon the tube was withdrawn until it was felt 
to pass through the cardia. It was then further 
withdrawn until it came to rest 2 inches above 
the cardia. The cuff was next inflated with 50 ml 
of air and the open tube protruding from the 
mouth was connected to an underwater seal. 

At this point a wide-bore needle or small can- 
nula was inserted through the stomach wall so that 
its bevel lay within the cavity of the stomach: 
the other end of the cannula was connected by 
rubber tubing to a Y-shaped connection, one limb 
of which was connected to a mercury manometer 
and the other limb to an inflating rubber bulb 
(fig. 2). 

By squeezing the bulb, a rise in intragastric 
pressure was effected. A clamp was placed across 
the pyloric region to prevent air passing into the 
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small intestine. At a certain level of intragastric 
pressure the cardio-oesophageal “sphincter” be- 
came incompetent and air flowed from the 
stomach through the oesophageal tube and was 
seen to bubble under water. At the instant of 
“escape” the intragastric pressure was read from 
the mercury manometer. Three repeated “escape 
points” were determined and the three repeated 
observations were recorded. 

The competence of the “sphincter” was investi- 
gated in three different positions of the stomach, 
A, B, and C (fig. 3), chosen to simulate as closely 
as possible the positions of the stomach in 
Marchand’s investigations on cadavers. The 
Positions were as follows: 

(A) Normal position of the stomach allowing free 
expansion of the organ. 

(B) Manual displacement of the stomach, upwards 
and to the left, by the surgeon so as to make 


Fic. 2 


The diagram illustrates the method used for investigating the competence 

of the cardio-oesophageal junction. An “escape point” is shown as air 

bubbling under water. Note the tip of the Burge tube situated 2 inches 
above the cardia and the clamp across the pylorus. 
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A depicts the undisturbed stomach; B, the stomach displaced upward and 
to the left making the oesophago-fundal angle more acute; C, the stomach 
where the greater curvature is depressed making the oesophago-fundal angle 


the oesophago-fundal angle more acute. This 

position resembled that obtained in Mar- 
chand’s experiment when the left dome of 
the diaphragm was removed allowing the 
stomach to rise into the thorax. 

(C) Downward traction on the greater curvature 
of the stomach so as to increase or make less 
acute the oesophago-fundal angle. This 
approximated to the position obtained by 
Marchand when he placed a clamp across 
the stomach from the left lip of the oeso- 
phago-gastric junction to the greater curva- 
ture, thereby excluding the fundus from the 
rest of the stomach. 

The results of the experiment are shown in 
table II in which each figure represents the mean 
of three observations. 

Every reading obtained when the stomach was 
pushed up and to the left (position B) was con- 
siderably higher than the corresponding reading 
for the undisturbed stomach. Every reading 
obtained when the greater curvature was pulled 
down (position C) was considerably less than the 
corresponding reading for the undisturbed 
stomach. 

O’Mullane (1954) noted that manual com- 
pression of the stomach which resulted in a rise 
of intragastric pressure to 19 cm H,0O, failed to 
empty the gastric contents into the oesophagus. A 
study of the figures in table II shows that it is 
not so much the rise in intragastric pressure fol- 
lowing compression of the stomach as the altera- 


less acute. 


tion in the oesophago-fundal angle, which deter- 
mines the competence of the cardia. 


Taste Il 


Intragastric pressure necessary to cause incompetence 
at cardio-oesophageal junction. 


Case A B 
No. (mm Hg) (mm Hg) (mm Hg) 
1 38 49 13 
2 14 25 4 
3 12 14 5 
4 12 21 1 
5 24 27 4 
6 12 22 10 
7 13 33 3 
8 18 47 4 
9 42 52 5 
10 28 38 11 
11 43 82 2 
12 29 87 11 
13 29 38 10 
14 29 39 19 
15 57 87 Il 


Each reading in this table is the mean of three repeated 
observations. Position A is the normal undisturbed 
position of the stomach; position B is the stomach 
displaced upward and to the left making the oeso- 
phago-fundal angle more acute; position C is the 
stomach where the greater curvature is depressed 
making the oesophago-fundal angle less acute. In every 
instance the cardio-oesophageal junction was less 
competent when the greater curvature was depressed. 


These figures were subjected to a statistical 
analysis and the result was as follows. 
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Mean differences between sites A, B and C 
respectively. 

The variation between the three readings taken 
on individual patients at each of the three sites 
was not statistically significant; P>0.05 in the 
“t” test. Therefore the mean of the three was 
used for the purpose of calculating the group 
means of intragastric pressure at each of the three 
stated sites. The actual means and standard errors 
are as follows: Site 


A B c 
Means 26.7 44.1 75 
S.E. 6.18 1.30 


These means values were taken subjected to “t” 
tests of differences in the following terms: 

In each instance the difference was statistically 
significant; in the two latter items it was highly 
significant. The actual values are given below: 

A:Bt = 2.44 

P > 0.02 

A:Ct = 5.08 

P < 0.001 
B:Ct 5.80 
P < 0.001 


It is apparent that the cardia is significantly less 
competent when the greater curvature is depressed 
making the oesophago-fundal angle more oblique 
(position C); on the other hand the competence 
of the cardia is significantly increased when the 
oesophago-fundal angle is made more acute 
(position B). 


The anaesthetic technique. 

The pre-operative medication consisted of 
promethazine 50 mg by intramuscular injection 1 
hour before induction. (Promethazine was chosen 
because of its minimal vagolytic effect). Anaes- 
thesia was induced with thiopentone and suxa- 
methonium chloride and intubation was carried 
out using a cuffed endotracheal tube. Anaesthesia 
was maintained with a nitrous oxide and oxygen 
mixture and d-tubocurarine permitted controlled 
respiration using a non-rebreathing circuit. When 
the experiment was completed intravenous atro- 
pine was given and the pharynx was aspirated 
because of the excessive salivation which occurred 
when promethazine alone was used as premedica- 
tion. 


437 


Cardio-oesophageal competence in hiatus hermia. 
Two cases of sliding hiatus hernia were investi- 
gated to see if the competence of the cardia was 
similarly altered by change in position of the 
stomach. As in the experiments on normal sub- 
jects three repeated observations were taken and 
the mean intragastric pressure necessary to cause 
incompetence in each position of the stomach was 
recorded. The results are shown in table III. 


Taste Hl 


Intragastric pressure necessary to cause incompetence 
at cardio-oesophageal junction. 


Case A B c 
(mm Hg) (mm Hg) Comments 


No. (mm Hg) 
1 12 8 3 


Sliding hiatus 
hernia 


2 17 11 hiatus 


~- 


Two cases of sliding hiatus hernia. A is the undis- 

turbed position of the stomach; B, the stomach dis- 

placed upwards; C, the stomach where the greater 

curvature has been depressed. It is observed that when 

the stomach is displaced upwards in cases of hiatus 

hernia the cardio-oesophageal junction is less com- 
petent. 


In both of these cases a lax hiatus was demon- 
strated at operation and, when the stomach was 
displaced upwards, part of the stomach was seen 
to slide into the hiatus and make the oesophago- 
fundal angle less acute (fig. 4). It was noted that 
the cardia was less competent when the stomach 
was displaced upwards instead of more competent 
as in the previous series. However, if in these 
cases of hiatus hernia the stomach position was 
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The shaded area in the diagram on the right depicts 
that part of the stomach in a case of sliding hiatus 
hernia which occupies the oesophageal hiatus. 

The diagram on the left shows part of the upward 
displaced stomach occupying a lax hiatus. It may 
be noticed that the oesophago-fundal angle has been 

obliterated. 
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translated into oesophago-fundal angle, it was 
observed once again that increasing the oeso- 
phago-fundal angle decreased the competence 
of the sphincter. 

Dinnick (1961) observed a high incidence of 
regurgitation under anaesthesia in cases of hiatus 
hernia; the reduced competence of the oesophago- 
gastric junction noted above would help to explain 
this. 

It can be objected that the readings were taken 
in anaesthetized and not conscious subjects. 
However, the author, being an anaesthetist, wished 
to obtain information on anaesthetized patients. 
A further objection is that as the subjects were 
anaesthetized there was no proof that the motor 
nerve supply to the stomach was functionally 
intact. 

The integrity of this supply was presumed 
because promethazine alone was used in premedi- 
cation and it was necessary subsequently to deal 
with the excessive salivation which resulted from 
the omission of a potent vagolytic drug. 

Further in 8 cases due to have a vagotomy and 
pylorectomy the vagus nerve was stimulated 
immediately following the experiments. The oeso- 
phageal tube was passed into the stomach in order 
to record any rise in intragastric pressure and a 
circular electrode was clamped around the lower 
oesophagus. On stimulating the vagus well marked 
peristaltic waves passing over the stomach wall 
were observed, and a consistent rise in intra- 
gastric pressure of from 4 to 7 cm H,O wis 
recorded. When the vagus nerve was divided 
neither peristaltic waves nor a rise in intragastric 
pressure occurred when the central part of the 
sectioned nerve was stimulated. This showed that 
the results attributed to stimulation of the vagus 
were in fact due to nerve stimulation and not due 
to stimulation of the underlying oesophageal wall, 
and that the rise in intragastric pressure indicated 
a functioning motor supply to the part at the 
time of the experiments. 

Reference has already been made to the high 
incidence of regurgitation under anaesthesia. 
Operations on the stomach itself and those in 
which the exploring hand of the surgeon palpates 
the viscus may well provide the alteration in oeso- 
phago-fundal angle necessary to effect regurgita- 
tion. For example, during a partial gastrectomy 
when the oesophagus and upper part of the 
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stomach are drawn down prior to application of 
the clamp, the conditions are eminently favourable 
for regurgitation. It is suggested that in the case 
of abdominal surgery a cause of the high inci- 
dence of regurgitation has been demonstrated. 


SUMMARY 


The mechanism of the  cardio-oesophageal 
“sphincter” is reviewed. Reference is made to 
Marchand’s work on the stomach of cadavers. An 
experiment by which the author investigated the 
competence of the cardio-oesophageal junction in 
fifteen patients having a laparotomy under general 
anaesthesia is described. The motor nerve supply 
to the part was shown to be functionally intact 
during the experiment. 

Ihcreasing the oesophageal-fundal angle, by the 
palpating hand of the surgeon exploring the 
abdomen, was shown to decrease significantly the 
competence of the cardio-oesophageal junction. 

Conversely, decreasing the oesophago-fundal 
angle significantly increased the competence of the 
cardio-oesophageal junction. 
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BERNARD JOHNSON MEMORIAL 


On Wednesday June 28, 1961, in the presence of 
Mrs. Johnson, Sir Miles and Lady Ciliifford, 
representatives of the Middlesex Hospital and the 
Board of Faculty of Anaesthetists, Mr. J. B. 
Kinross formally unveiled the memorial plaque 
to the late Bernard Johnson in the main laboratory 
of the Research Department of Anaesthetics of 
the Royal College of Surgeons of England. 

Dr. Geoffrey Organe, Dean of the Faculty, 
opened the ceremony with a reminder of the 
great services rendered to anaesthesia and to 
the Faculty by Mr. Bernard Johnson. He then 
called upon Mr. J. B. Kinross to unveil the com- 


memorative plaque. 
Mr. Kinross spoke as follows: 


I feel greatly honoured to have been asked to unveil 
this Plaque to my friend, Bernard Johnson. 

I only knew him for the last five years of his life, 
but, during those years, | came to know him intimately 
and it is due to him that I owe my interest in medical 
research. 

This Department of Anaesthesia was his concep- 
tion, and it is absolutely true to say that but for him 
there would be no such department in existence. 
Having persuaded his colleagues of the need, he 
proceeded to raise the necessary money—a_ self- 
imposed task which might well have been considered 
impossible. In just over two years of tremendous 
effort, he gathered together £120,000 and this research 
Department came into being. 

But Bernard’s work for Anaesthesia went far beyond 
this. He undertook lecture, demonstration and teaching 
tours throughout the Commonwealth and in Europe, 
and undoubtedly he did a great deal to raise the 
standards of Anaesthesia throughout much of the 
world. His conviction that British Anaesthesia was the 
best in the world was absolute; his determination that 
it should remain so and that it must be given every 


facility to grow became the task to which he devoted 
his energy. 

He was also deeply interested in educational work 
and it is fitting that, apart from this Plaque, the funds 
of the Bernard Johnson Memorial Fund should be 
used to endow in perpetuity the Tutorship for 
Postgraduate Students. 

There is no memorial, [ think, which would have 
pleased him more than this Tutorship. For him, there 
was only one standard, and that was perfection. He felt 
that it was not enough for a student to know “How” 
—he must also know “Why”. He was one of the most 
unselfish men I have ever known and he drove himself 
in the cause in which he believed so completely that 
in the end he gave his life for it when he was only 
fifty-four. 

Most of us who are here knew Bernard and were 
his friends, and we rejoice to have this permanent 
Memorial with its fitting inscription, to a man who 
thought and planned for his profession on far-seeing 
and generous lines and who, by any standards, was a 
great man. 

Of one thing I am certain: namely that Bernard 
would be both proud and happy to see this Depart- 
ment, as it is today, under the direction of his friend 
Ronnie Woolmer. 


The plaque was then unveiled. It was made by 
Messrs. John Pinches, of carved oak, with letter- 
ing in gilt and with an inset portrait in bronze of 
Bernard Johnson. The lettering reads as follows: 


BERNARD JOHNSON 
1905-1959 
F.RCS., F.F.ARCS. 
Hon. F.F.A.R.A.CS. 


Dean, Faculty of 
Anaesthetists 
1952-1955 


A Devoted Servant 
of Anaesthesia 
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THE PERFORMANCE OF A WALTON FIVE ANAESTHETIC MACHINE 


BY 


W. D. A. SmitH 
Research Department of Anaesthetics, Royal College of Surgeons of England 
London, W.C.2 


Tue Walton Five dental anaesthetic machine is 
designed to deliver known mixtures of oxygen 
and nitrous oxide. It has three controls: a mixture 
control, a pressure control, and an emergency 
oxygen control. The lever of the mixture control 
rotates around a scale calibrated in oxygen per- 
centage. The markings are in 1 per cent divisions 
between 0 and 15 per cent, and at 20, 50 and 100 
per cent. The pressure control is calibrated in 
mm Hg up to 20 mm. The pressure indicated at 
a given setting of the pressure control does not 
refer to the pressure at which the gas mixture is 
delivered. It refers to the pressure developed when 
the outlet of the machine is occluded. The emer- 
gency oxygen control is a sprung button. 

Two safety devices are designed to prevent 
catastrophe in the event of failure of the oxygen 
supply. An automatic cut-off valve prevents the 
administration of nitrous oxide in the absence of 
an available oxygen supply; and an air inspiratory 
valve opens at a subatmospheric pressure, thus 
permitting the inspiration of air and preventing 
asphyxia in the absence of a gas supply. Failure 
of the nitrous oxide supply also results in the 
oxygen supply being cut off but under these cir- 
cumstances oxygen may still be administered by 
depressing the emergency oxygen button. 

One of these machines has been tested in the 
laboratory. The factors which were varied were 
the setting of the mixture control, the setting of 
the pressure control, the use of the emergency 
oxygen control, the “expiratory” resistance and the 
flow pattern. Both steady flows and simulated res- 
piratory flow patterns were used. Measurements 
were made of the oxygen content of the gas mix- 
ture delivered and of pressures and flows. 


METHODS 


The measurement of oxygen concentration. 
A Beckman D.2 paramagnetic oxygen analyzer 
was used for measuring the oxygen content of the 


gas mixtures. Its calibration was checked against 
Lloyd-Haldane and Schélander apparatuses, using 
various mixtures of oxygen and nitrogen. The gas 
mixtures delivered by the anaesthetic machine 
were sampled continuously by means of a small 
diaphragm pump, the analyzed sample being 
returned to the circuit under investigation. A 
given gas mixture was sampled for 2 minutes 
before a reading was taken. It was confirmed that 
any local pressure changes due to the sampling 
pump were not sufficient to affect the readings 
given by the oxygen analyzer. 

The arrangement used for the measurement of 
the oxygen percentage in the delivered gas mix- 
tures under steady flow conditions is shown in 
figure 1. Nitrous oxide and oxygen mixtures were 
delivered to a Heidbrink expiratory valve via 
corrugated tubing and they were sampled just 
proximal to the valve. The distal opening of the 
valve mount was occluded. Measurements of the 
oxygen content were made when the mixture con- 
trol was set to 5, 10, 15, 20 and 50 per cent 
oxygen, while the pressure control was set to 5, 
7.5, 10, 15 and 20 mm Hg, and while the expiratory 
valve was fully open and 4 turn, 1 turn and 1} 
turns closed. The oxygen content of the delivered 
gas mixture was also determined while the emer- 
gency oxygen control was depressed, the mixture 
and the pressure controls being placed at different 
settings. 

A versatile piston-type variable flow generator 
was used to represent a patient breathing into the 
system (Hill, Hook and Bell, 1961). The 
arrangement used for making measurements 
under simulated respiratory flow conditions is 
shown in figure 2. The generated flow waveform 
is indicated. The gas mixtures were delivered 
to a Heidbrink expiratory valve via a reservoir 
bag and corrugated rubber tubing. The expiratory 
valve was enclosed in order that the “expired” 
gas might be collected in a Douglas bag for sub- 
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The measurement of the oxygen concentration delivered under steady flow 
conditions. 


DOUGLAS BAG 
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The measurement of the oxygen concentration delivered under simulated respiratory 
flow conditions. 


sequent analysis. A narrow-bore sampling tube the variable flow generator and the stem of the 
was inserted between the tap and the Douglas Y-piece was used for continuous sampling of 
bag. The distal end of the Heidbrink valve was “respired” gas mixtures. 

connected to one limb of a wide-bore Y-piece. Under simulated respiratory flow conditions 
The other limb of the Y-piece was connected to measurements of oxygen percentage were made 
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when the mixture control was set to deliver 10 
and 20 per cent oxygen only. The pressure con- 
trol settings used were 5 and 10 mm Hg. The 
expiratory valve was used fully open and $ turn, 
1 turn and 14 turns closed. Table I indicates the 
approximate tidal and minute volumes, the 
“respiratory” rates and the corresponding subse- 
quently determined peak “inspiratory” and 
“expiratory” flow rates used. One measurement 
was made while the pressure control was set at 
3 mm Hg. 

At the start of each experimental run the 
Douglas bag was emptied and the tap was closed, 
so that the expiratory valve vented to air. After 
half a minute the tap was opened and the Douglas 
bag was filled with “expired” gas. The bag was 
again emptied and then finally filled with 
“expired” gas for subsequent analysis. Mean- 
while the gas mixture was sampled continuously 
at the Y-piece and analyzed by the Beckman 
analyzer. At the end of the run the oxygen con- 
tent of the gas mixture in the Douglas bag was 
determined. There was little difference between 
the two sets of readings taken during and at the 
end of each experimental run. 


The measurement of flow. 

A Rotameter, calibrated for air over the range 
14 to 150 1./min, and flow transducers made by 
Vickers Research Limited were used for flow 
measurements. The latter were used in conjunction 
with the Vickers Research Limited Respiratory 
Analyzer and associated capacitance type +7 mm 
H,O pressure transducer (Williams, 1960). An 
oscilloscope and a camera were used for recording. 

The Rotameter was recalibrated for nitrous 
oxide and oxygen and nitrogen and oxygen 
mixtures containing 0, 20, 50 and 100 per cent 
oxygen in the following way. The known gas 
mixtures were passed through the Rotameter in 
series with a Parkinson and Cowan CD.1 gas- 
meter. For each gas mixture flows were adjusted 
to give Rotameter readings of 30, 50 and 100 
1./min. Meanwhile, using a stopwatch, the time 
for a given volume of gas mixture to pass through 
the gasmeter was noted. The true flow rate was 
then calculated and the correction factor to be 
applied to the Rotameter reading for each of the 
gas mixtures at each of the flow rates used was 
determined. For a given mixture there was little 
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difference between the correction factors derived 
for each flow rate. The mean of these was there- 
fore taken as the correction factor for that gas 
mixture. The accuracy of the gasmeter at various 
flow rates had previously been checked at the Gas 
Council’s meter laboratory, and it was subse- 
quently adjusted and rechecked by the makers. 

The flow transducers were then calibrated. Air 
and known gas mixtures were passed at steady 
flow rates through each flow transducer in series 
with the Rotameter. The true flow rates of each 
gas mixture were calculated, using the Rota- 
meter correction factors derived above. The out- 
put of the Respiratory Analyzer was measured in 
volts. From these readings were derived the 
correction factors to be applied to the results 
obtained when using a flow transducer calibrated 
for air. 

The experimentally determined correction fac- 
tors for both the Rotameter and the flow trans- 
ducers are shown in figure 3. It can be seen that 
the former are related mainly to the density and 
the latter to the viscosity of the gas mixtures. 


The measurement of pressure. 

A water manometer and the Respiratory Analy- 
zer in conjunction with its associated + 30 cm H,O 
pressure transducer were used for pressure 
measurements. The water manometer was used 
for calibration of the pressure transducer. 

Using the water manometer, the calibration of 
the pressure control of the anaesthetic machine 
was checked. With the outlet occluded, the 
pressure at the delivery tube was first measured 
while the pressure control was placed at different 
settings. Free flow was then permitted while the 
positions of the pressure and the mixture controls 
were varied. The pressure developed when these 
free fiows were totally obstructed was measured. An 
initial high pressure reading was obtained before 
the pressure settled to a value comparable with 
that indicated by the pressure control setting. The 
contribution of the inertia of the water in the 
manometer to this initial reading was uncertain. 
Further measurements were therefore made, 
using the pressure transducer. 

Neither continuous free flow nor complete 
obstruction is usual in normal use. The machine 
has to deliver gases against fluctuating flow resis- 
tances, the actual flow and pressure patterns being 
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The experimentally determined correction factors for the Rotameter and the flow transducer 
when calibrated for air. 


governed by the characteristics of the anaesthetic 
machine, the characteristics of the expiratory valve 
at the particular setting at which it is used and 
the respiratory pattern of the patient. The pres- 
sures generated against the resistance of the 
expiratory valve under steady flow and under 
simulated respiratory flow conditions were there- 
fore determined. For the former an arrangement 
similar to that shown in figure 1 was used, except 
that the water manometer was connected to a 
pressure tapping in place of the sampling tubes. 
Pressures were measured while the pressure con- 
trol was set at 5, 10, 15 and 20 mm Hg, while 
the position of the mixture control was varied 
between the 0 and 100 per cent positions, and 
while the expiratory valve was open and $ turn, 
1 tura and 14 turns closed. The method used for 
measuring the pressure swings occurring during 
simulated respiratory flow conditions is described 
below. 


The measurement of pressure-flow characteristics. 
The flow resistance characteristics of the par- 
ticular Heidbrink valve used in this investigation 


were determined, both to air and to a mixture of 20 
per cent oxygen with nitrous oxide. The Rota- 
meter and the water manometer were used and 
the method was essentially that described by 
Mushin and Mapleson (1954). The flow resistance 
characteristics of the twin tubing supplying 
a nasal inhaler, and of the combination of the twin 
supply tubing and the expiratory valve incorpor- 
ated with the nasal inhaler, were also measured. 
For the determination of the pressure-flow 
characteristics of the anaesthetic machine under 
steady flow conditions, the 0 to 200 1./min flow 
transducer was used for flow measurement during 
free unobstructed flow. The Rotameter was used 
for measuring steady flows against resistance. The 
water manometer was used for pressure measure- 
ments. The experimental arrangement used is 
shown in figure 4. Throughout this experiment 
the mixture control was set to deliver 20 per cent 
oxygen with nitrous oxide. First, allowing free 
unobstructed flow, the flow rates were measured 
when the pressure control was set to 5, 10, 15 
and 20 mm Hg. Then the occluded expiratory 
valve was connected to the outlet from the Rota- 
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The measurement of the pressure-flow relationships of the Walton Five under steady flow 
conditions. The flow transducer was used during free unobstructed flow. 


meter. The flows achieved and the corresponding 
pressures generated were measured while the 
pressure control was again set to 5, 10, 15 and 
20 mm Hg. The expiratory valve was used in the 
same open and partially closed positions as in the 
previous experiments. Finally, the pressures 
developed when the outlet was completely 
obstructed were confirmed for each setting of the 
pressure control. 

Using the respiratory flow simulator the pres- 
sure-flow characteristics of the machine were then 
determined under tidal flow conditions. Trans- 
ducers were used for both the pressure and the 
flow measurements. The experimental layout is 
indicated in figure 5. Measurements were made 
both with and without the reservoir bag in the 
circuit. The combinations of tidal volume and 
rate used were 500 ml at a rate of 13 per minute, 


1,000 ml at a rate of 13 per minute, and 500 ml 
at a rate of 24 per minute. 


The measurement of volume and “back-flow”. 
When measuring flow the output voltage from 
the Respiratory Analyzer is proportional to the flow 
passing through the flow transducer. The Respira- 
tory Analyzer also has the electronic facility for 
integrating the “flow” voltages with respect to 
time, thereby offering a measurement of volume. 
This facility was used to determine the extent of 
the back-flow within the corrugated tubing during 
“expiration”, thus giving an indication of the re- 
breathing to be expected. The flow transducer 
was inserted in the supply line as indicated in 
figure 6. The mixture control was set to deliver 
20 per cent oxygen. The pressure control was set 
at 5 and 10 mm Hg only, since “rebreathing” was 
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The measurement of the pressure-flow relationships of the Walton Five 
under simulated respiratory flow conditions. 


\ 


Fic. 6 4 
The measurement of back-flow during simulated respiratory flow conditions, 
using corrugated and non-expansile tubing alternately, with and without the 
reservoir bag. 


not observed when higher supply pressures were 
tried. The same expiratory valve settings and 
variations of tidal volume and of rate were used 
as in the previous experiment. An Ediswan pen 
recorder was used in place of the oscilloscope and 
the camera. Measurements were made both with 
and without the reservoir bag in the circuit. These 
were repeated after replacing the corrugated 
tubing by an equal length of non-expansile tubing. 


RESULTS 
The characteristics of the expiratory valve. 
Since the characteristics of the particular ex- 
piratory valve used in this investigation are re- 


levant to all the tests carried out, they are 
mentioned first. The pressure-flow curves obtained 
for this valve are shown in figure 7. The resistance 
of the valve in the open position is fairly repre- 
sentative for this type of valve. The resistance of 
the valve when partially closed, however, is high. 
The machine was therefore tested under corres- 
pondingly extreme conditions. The resistance of 
the valve to the nitrous oxide and oxygen mixture 
was greater than that to air, except at low flows. 


The calibration of the mixture control. 
The oxygen percentage delivered was always 
found to be the same for a given set of test con- 
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The flow resistance characteristics of the Heidbrink valve used for testing the 
Walton Five. 
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ditions. The full spread of the measurements is 
shown in figure 8. The broken line indicates the 
ideal calibration. The readings of 19.5 and 19 per 
cent were obtained while the mixture control was 
at the 20 per cent setting, while the pressure con- 
trol was set to 5 and 7.5 mm Hg, and while the 
Heidbrink valve was 1 turn and 14 turns closed 
respectively. The solitary measurement of 9.5 per 
cent oxygen was obtained while the mixture con- 
trol was placed at 10 per cent setting, while the 
pressure control was set at 3 mm Hg and while 
the respiratory flow simulator was adjusted to give 
a tidal volume of 300 ml at a rate of 18 per minute. 
All other oxygen percentage measurements within 
the range of normal use either coincided with or 
were slightly greater than the percentage indicated 
by the mixture control. 

Whereas under steady flow conditions an increase 
in the resistance to flow, produced by screwing 
down the expiratory valve, was found to depress 
slightly the percentage of oxygen delivered, under 
simulated respiratory flow conditions an increase 
in the resistance to flow tended to cause a slight 
rise in the percentage of oxygen. Under both 
steady flow and tidal flow conditions an increase 
in the setting of the pressure control tended to 
cause an increase in the percentage of oxygen 
delivered. 

The effect of depressing the emergency oxygen 
control upon the percentage of oxygen delivered 
is shown in figure 9. It can be seen that, subject 
to the setting of the mixture control, the higher 
the setting of the pressure control the less the 
effectiveness of the emergency oxygen control. 
With the pressure control set at 5 mm Hg, the 
percentage of oxygen delivered while the oxygen 
button was depressed was always greater than 75 
per cent, regardless of the position of the mixture 
control. The Heidbrink valve was in the open 
position throughout this experiment. 


The calibration of the pressure control. 

With the mixture control set at 20 per cent 
oxygen, the pressures developed at different set- 
tings of the pressure control under the test con- 
ditions already described are shown in figure 10. 
When the outlet was kept occluded no pressure 
was measurable until the control was advanced up 
to nearly 2 mm Hg. The pressure fluctuated 1 cm 
H,O above and below the mean value at a rate 
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The oxygen concentration delivered against the 
resistance of the open Heidbrink valve while the 
emergency oxygen control was depressed. 
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was used for measuring the initial peaks. 
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which increased from 4 to 24 cycles per minute 
as the setting of the pressure control was in- 
creased. This oscillation was reduced when free 
flow was permitted before occluding the outlet. 
The magnitude of the initial steep pressure rise, 
already referred to, increased with the setting of 
the pressure control and with the percentage of 
oxygen. If the pressure control was set to any 
mark above 5 mm Hg (6.8 cm H,O) while the 
mixture control was set at 100 per cent oxygen, 
the pressure rose initially to 41 cm H,O (30 mm 
Hg); with the mixture control at other settings 
the initial peak pressure was also related to the 
speed of occlusion. 


The effect of the setting of the mixture control 


upon pressure. 
Although the setting of the mixture control had 
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The effect of the setting of the mixture control upon 
pressure (steady flow conditions). 
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negligible effect upon the pressures developed 
during no-flow conditions, this was not found 
to be the case during steady flow conditions. 
Figure 11 reveals that for a given flow resistance 
and a given setting of the pressure control, the 
pressure within the anaesthetic circuit was in- 
creased as the percentage of oxygen was increased. 


Depression of the oxygen button during steady 
conditions. 

When the emergency oxygen control was de- 
pressed while the outlet was occluded, the 
pressure settled between 40 and 41 cm H,O 
(30 mm Hg), regardless of the setting of the 
mixture control. Trying different settings of the 
mixture control during steady flow conditions, 
however, a variable pressure increase was found 
when the oxygen button was depressed. This is 
shown in figure 14, and it is also referred to below 
under the heading of “pressure-supply-flowrate 
characteristics”. 


The pressures occurring during tidal flow. 

Figure 12 shows the pressure swings that were 
observed during simulated respiratory flow, while 
the pressure control was set at 5 mm Hg and at 
15 mm Hg, while the Heidbrink valve was open, 
and while the tidal volume, the “respiratory” 
rate and the mixture control setting were varied. 
The probable explanation of the discrepancies 
between figures 11 and 12 is that the valve 
settings were not identical, the two experiments 
having been performed on different occasions. 
There was a tendency for the pressure to rise as 
the oxygen percentage was increased, except that 
there was sometimes a fall of pressure upon 
reaching the 100 per cent oxygen position of the 
mixture control. In all cases there was an increase 
of pressure, of up to 2 cm H,O, upon depressing 
the emergency oxygen button. As might be 
expected, both the mean pressures and the pressure 
swings varied with the tidal volumes and with 
rate. 

Figure 13 shows the effect of closing the ex- 
piratory valve and of increasing the setting of the 
pressure control while other factors are kept 
constant (mixture control at 20 per cent oxygen; 
tidal volume of 750 ml; rate of 13 per minute). 
An increase of either causes an increase both in 
the mean pressure and in the pressure swing. 
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The pressure swings occurring during various simulated respiratory flow conditions, the 
Heidbrink valve being open. 
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The effect of varying the resistance of the expiratory 
valve, and of the setting of the pressure control, during 
set simulated respiratory flow conditions. 
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The pressure-supply-flowrate characteristics of the 

Walton Five (solid lines) related to the flow resistance 

characteristics of the Heidbrink valve (broken lines) 

under steady flow conditions. The arrow points indi- 

cate the pressure-supply-flowrate characteristics while 
the oxygen button is depressed. 
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The pressure-supply-flowrate characteristics. 

The flows supplied by the Walton Five anaes- 
thetic machine when the flow resistance and the 
pressure control setting were varied under steady 
flow conditions, and while the mixture control was 
set to 20 per cent oxygen, are shown in figure 14. 
The solid lines indicate the flows delivered 
against different resistances while the pressure 
control was set to 5, 10, 15 and 20 mm Hg. The 
flow resistance characteristics of the Heidbrink 
valve are shown in broken lines. This diagram may 
be used for relating the pressure-supply-flowrate 
characteristics of the anaesthetic machine with the 
flow resistance characteristics of associated equip- 
ment, and both, with reservations indicated below, 
may be related to any defined peak respiratory 
flow rates. The effect of depressing the emergency 
oxygen control under each set of conditions is also 
shown. This caused an increase in both pressure 
and flow. The oxygen percentage delivered during 
depression of the emergency oxygen control was 
measured in order that the appropriate corrections 
might be made to the Rotameter readings. 


The pressure-flow characteristics during tidal flow. 

By allowing for the peak “inspiratory” and 
“expiratory” flows produced by the respiratory 
flow simulator (see table I), the flows delivered by 
the machine during the simulated respiratory peak 
flow conditions and the peak pressures can be 
compared with the pressure-supply-flowrate 
characteristics determined under steady flow con- 
ditions. Such a comparison is shown in figure 15. 
The pressures recorded during “expiration” tended 
to be higher than would have been expected 
from the steady flow characteristics. This may be 
related to the initially high pressures recorded 
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The pressure-supply-flowrate characteristics under 

steady flow conditions (solid lines) and under tidal flow 

conditions (broken lines). In dotted lines are shown the 

resistance characteristics of the twin supply tubing 

for a nasal inhaler when used alone and in conjunction 

with the expiratory valve incorporated in the nose- 
piece. 


upon obstructing the outlet under steady flow 
conditions (see “The calibration of the pressure 
control” above). The pressure-flow characteristics 
(20 per cent oxygen with nitrous oxide) of the twin 
supply tubing used with a nasal inhaler and of 
the nasal inhaler’s expiratory valve (not the valve 
used for testing the machine) are also shown. 
Including the reservoir bag in the circuit, er 
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excluding it, made very little difference to the 
peak “inspiratory” and “expiratory” flows and 
pressures measured. The greatest change ob- 
served was a reduction in the “inspiratory” 
pressure when the reservoir bag was excluded 
while the pressure control was set to 5 mm Hg. 
On one occasion the pressure became slightly 
subatmospheric under these circumstances. At 
greater supply pressures the differences between 
peak values recorded with and without the reser- 
voir bag in circuit were barely measurable. 
Examination of the records, however, did reveal 
that nearly all minor pressure fluctuations were 
smoothed out when the reservoir bag was used. 


Back-flow. 

The unexpected results of this experiment are 
displayed in figure 16. With the pressure control 
set at 10 mm Hg, reverse flow occurred only when 
the expiratory valve was very nearly closed, and 
then it was negligible. Only the results obtained 
while the pressure control was set to 5 mm Hg 
have therefore been given. There was not a great 
deal of difference between the reverse flows re- 
corded under the four sets of conditions—corru- 
gated tubing with and without the reservoir bag, 
and non-expansile tubing with and without the 
reservoir bag. Using the corrugated tubing, the 
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reverse flow was only slightly greater when 
the reservoir bag was in the circuit than when it 
was not. A larger difference was expected. It was 
suggested that much of the reverse flow might 
have been taken up in expanding the corrugated 
tubing. Using non-expansile tubing, however, the 
reverse flow was often greater than when corru- 
gated tubing was used, and sometimes it was 
greater when the reservoir bag was excluded from 
the circuit than when it was included. This effect 
has not been fully investigated, but careful 
scrutiny of the records revealed that when the 
reverse flow was greatest in the presence of the 
reservoir bag, it occurred during the early part 
of “expiration” only. This was expected. When 
the reverse flow was greatest in the absence of 
the reservoir, however, it was prolonged through- 
out the greater part of “expiration”. This sug- 
gests that the reverse flow occurs as the result 
of an intermittent leak within the anaesthetic 
machine. 


Other observations. 

No deliberate tests were carried out to deter- 
mine the precise performance of the safety devices, 
but at one time or another they were brought into 
action during this investigation and found to be 
working satisfactorily. 


Fic. 16 


The back-flow occurring during simulated respiratory flow conditions, using corrugated and 
non-expansile tubing alternately, with and without the reservoir bag. The pressure control 
was set to 5 mm Hg. 
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It was observed that when the pressure control 
was in the off position a very slight flow of 
oxygen still occurred. This was revealed by a small 
but measurable increase in pressure which 
eventually built up when the outlet was left 
occluded while the pressure control was in the 
off position. When the outlet was not occluded 
there was an increase in the oxygen concentra- 
tion of the gas in the corrugated tube, to well 
above 20 per cent, when the pressure control was 
left in the off position. 


DISCUSSION 


The purpose of this investigation was to deter- 
mine the performance of a particular Walton Five 
dental anaesthetic machine as a preliminary to 
using it for a specific experimental project. The 
steady flow tests were carried out because they 
were relatively simple. The simulated respiratory 
flow pattern tests were carried out because the 
assessment of any machine should include tests 
carried out under controlled circumstances com- 
parable with those under which it would be 
used—unless it can be shown that simpler tests 
are adequate. In the absence of data on the res- 
piratory patterns which actually occur during 
dental anaesthesia, the choice of the “respiratory” 
variables was arbitrary. Although the original 
intention was not to cast judgment upon the 
machine, a few comments will be offered. 

The performance of this machine does live up 
to the claims published in the manufacturer’s 
leaflet. 


The usual, and probably the most serious, 
criticism of dental anaesthetic machines concerns 
the inaccuracy of the calibration of their mixture 
controls. There is no doubt about the calibration 
of the mixture control of this machine, even 
under extreme testing conditions, being a very 
considerable improvement over the calibration of 
many machines in current use, such as those 
tested by Goldman (1958), by Hunter and Fraser 
(1959) and by Bourne (1960). The calibration 
may give all the accuracy that clinical circum- 
stances require but to acknowledge this would 
imply that the required accuracy has been defined. 
Pask (1960) has drawn attention to the precipi- 
tous arterial oxygen deprivation that may be ex- 
pected when the inspired oxygen concentration 
falls to about 7 per cent. A case might therefore 
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be made for a very high order of accuracy of the 
calibration of the mixture control in the 5 to 10 
per cent oxygen region. 

The effects and the possible dangers of raised 
airway pressures during dental anaesthesia in sit- 
ting patients do not appear to have received 
much consideration. Since they may be of some 
importance, attention has been paid to the pres- 
sures which may be generated by the Walton 
Five anaesthetic machine. The findings are 
reported but opinion as to their significance is 
reserved. 

From the observations made upon the extent 
and circumstances of back-flow during “expira- 
tion”, it is evident that any opinions expressed 
with regard to the effects of using, or of not using, 
a reservoir bag in conjunction with a dental anaes- 
thetic machine should be viewed with caution. 


The economics of using the Walton Five should 
also be considered. It can be seen from figures 14 
and 15 that high flows, with correspondingly high 
gas consumption, are easily obtainable. Flows used 
in practice depend upon the patient’s respiratory 
pattern, upon the apparatus used in conjunction 
with the anaesthetic machine, and upon the anaes- 
thetist. If narrow-bore twin supply tubing is used 
to connect the anaesthetic machine to the nasal 
inhaler, then, if inspiration against resistance is to 
be avoided, the supply flow rate should be suffi- 
cient to meet the peak inspiratory demand of the 
patient. If wide-bore tubing of negligible resis- 
tance is used without a reservoir bag, then the 
supply flow rate should still be sufficient to meet 
the peak inspiratory demand. In the first case, 
however, the pressure control will have to be 
turned up higher than in the second. If the wide- 
bore tubing is used with the reservoir bag in 
circuit, and if unobstructed nasal breathing is 
fully established, then the supply flow rate need 
not be appreciably greater than the patient’s 
minute volume. In practice, however, fine control 
of flow rate by manipulation of the pressure con- 
trol at the lower end of the scale is not easy. (The 
calibration of the mixture control at such low flows 
was not checked.) If there is an air leak between 
the mouth and the pharynx during nasal breathing, 
then the pressure control should be turned up 
sufficiently to overcome the resistance of the nose 
and nasopharynx at the peak inspiratory flow rate. 
It will be appreciated that the more the pressure 
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control is turned up the greater will be the gas 
wastage and the airway pressure during expira- 
tion. It is suggested that the use of wide-bore 
tubing is indicated and that easy control of low 
flow rates, without sacrifice of the accuracy of the 
mixture control calibration, would be advanta- 
geous. 


SUMMARY 


The operational controls and the safety devices 
incorporated in a Walton Five anaesthetic machine 
are outlined. Some methods are described for 
testing the performance of such a machine in the 
laboratory. The results obtained upon applying 
these tests are reported. Attention has been given 
to the percentage of oxygen delivered, to the 
pressure-flow relationships of the machine when 
subjected to various external resistances under 
varied steady flow and simulated respiratory flow 
conditions, and to “rebreathing”. The performance 
of this machine was found to be consistent with 
the claims of the manufacturer. The accuracy of 
the mixture control calibration which manufac- 
turers should be asked to provide, and the 
significance of airway pressures, are questioned. 
The pressures and gas flows required in practice 
are considered. 
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PROLONGED APNOEA DUE TO SUXAMETHONIUM 
BY 


G. H. 
Alder Hey Children’s Hospital, Liverpool, England 


IN many cases of “suxamethonium apnoea” des- 
cribed in the literature, it is probable that other 
factors were more directly concerned in the pro- 
duction of the apnoea than simply a prolonged 
action of suxamethonium (Wolfers, 1952; Grant, 
1952). 

The causes of prolonged apnoea have been well 
reviewed recently by Churchill-Davidson (1959) 
who advocated a rational approach to the diagnosis 
and treatment. 

In order to implicate a muscle relaxant as the 
causative factor in a case of prolonged apnoea, it is 
necessary to demonstrate that a neuromuscular 
block actually exists. The technique for this has 
been described by Churchill-Davidson and Wise 
(1960), and involves faradic stimulation of motor 
nerves and observation of the responses of the 
muscles concerned. 

In contradistinction to the non-depolarizing 
group of muscle relaxants, a reliable antidote is not 
available for reversing the effects of the depolar- 
izing group and is usually not required as the 
normal duration of action of suxamethonium is so 
brief. Nevertheless there are rare and usually un- 
expected occasions when the action of suxametho- 
nium is extended beyond that which might reason- 
ably be expected. These prolonged effects may 
arise in three ways: 

(a) Following repeated doses of suxametho- 
nium, when the total amount administered is of 
the order of 1 to 1.5 g the dual block effect may 
develop. 

(b) Following a single dose of suxamethonium, 
the duration of action may be extended from the 
normal 3 to 4 minutes to 10 to 20 minutes. This 
may be termed an extended response. 

(c) Following a single dose of suxamethonium, 
the duration of the apnoea may be prolonged up 
to 1 to 3 hours. This may be termed a prolonged 


response. 


Many workers have reported that a dual block 
effect may be produced by repeated doses of suxa- 
methonium (Brennan, 1956; Hodges and Foldes, 
1956) and these changes have now been demon- 
strated electromyographically (Churchill-Davidson 
and Christie, 1959). The various mechanisms that 
may account for this will be discussed later. 

When the response to a single dose of suxame- 
thonium is extended to 10 to 20 minutes, it was 
shown by Evans and his colleagues (1952) that the 
duration of the neuromuscular block could be cor- 
related closely with the pseudocholinesterase level. 
In two cases described by them the pseudocho- 
linesterase levels were normal and the possible ex- 
planation for this will be discussed later. It was 
shown that if the level was artificially raised by an 
infusion of concentrated pseudocholinesterase, the 
duration of the apnoea produced by a single dose 
of suxamethonium could be reduced (Evans et al., 
1953). There have since been many reports in 
which an extended response to a single injection 
could be related to a reduction in the serum pseu- 
docholinesterase. Apart from liver disease, mal- 
nutrition, and insecticide poisoning, a low pseudo- 
cholinesterase level may be found in healthy per- 
sons as part of a familial disposition (Kaufmann, 
Lehmann and Silk, 1960). Whilst it is reasonable to 
suppose that an extended response may be caused 
by a reduction in the speed of breakdown of suxa- 
methonium, providing there is some esterase 
activity, it is difficult to understand how the action 
can be prolonged for hours, rather than minutes 
(Paton, 1958). 

However, it is conceivable that where there 
is an electrolyte imbalance some change may 
take place at the neuromuscular junction, which 
leads to a reduction in sensitivity to depolarizing 
drugs. This mechanism might explain the case 
described by Hodges (1955), in which the pseudo- 
cholinesterase level was extremely low and follow- 
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ing a dose of 100 mg a prolonged apnoea resulted. 
Yet subsequently this patient was given a suxame- 
thonium drip without untoward effect when the 
pseudocholinesterase level was normal. It is diffi- 
cult to exclude other factors, however, that may 
have contributed to the prolonged apnoea. 

A reason for believing that a low pseudocho- 
linesterase level per se is not the cause of a pro- 
longed response is that cases have occurred in 
which the pseudocholinesterase levels were normal 
(Argent, Dinnick and Hobbiger, 1955); also, many 
cases showing such a response have a higher 
pseudocholinesterase level than those cases that 
have shown only an extended response. Thus some 
other mechanism must be postulated to explain the 
prolonged action following a single dose of suxa- 
methonium. 

It has been shown that there are two types of 
pseudocholinesterase, typical and atypical (Kalow 
and Genest, 1957). These behave differently to- 
wards suxamethonium, in that in the concentration 
present in the plasma after a single injection, the 
atypical form of pseudocholinesterase has no action 
on suxamethonium (see fig. 1). 


Concentration of suxamethonium chloride in mg/litre 
10 100 1000 10,000 


@ Usual 


3 


y 


mg/min/litre of serum 


Hydrolysis rate 2M/min ‘litre of serum 


Log M concentration of suxamethomium 
Fic. 1 
Hydrolysis rate of suxamethonium by typical and 


atypical pseudocholinesterase at pH 7.0 and 30°C, after 
Kalow (1959). 


If a dose of 100 mg is injected intravenously 
into an adult who has a plasma volume of 3.5 L, 
and the drug is evenly distributed in the plasma, 
the drug concentration would be less than 30 mg/1. 
As seen from figure 1, at this concentration atypical 
pseudocholinesterase has no action, whereas nor- 
mal pseudocholinesterase would hydrolyze approxi- 
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mately 15 mg of the drug per minute per litre 
serum (i.e. approx. 50 mg/min in a normal adult). 

In order to differentiate between these two forms 
of pseudocholinesterase, Kalow and Genest (1957) 
have devised a method which is based on the use 
of a pseudocholinesterase inhibitor. Various inhibi- 
tors are known, such as neostigmine, suxametho- 
nium itself and local anaesthetic drugs. In this test 
dibucaine (Nupercaine) is used because it has an 
immediate inhibitory effect. The difference in the 
esterase activity after inhibition by dibucaine can 
be seen in figure 2. 


| 


Inhibition 


Log molar concentration of dibucaine 
Fic. 2 
Inhibition of typical and atypical pseudocholinesterase 


by varying concentrations of dibucaine, after Kalow 
and Genest (1957). 


Figure 2 shows that at*a —5 log molar concen- 
tration of dibucaine, there is a marked difference 
between the behaviour of typical and atypical 
pseudocholinesterase. Using this test, every person 
can therefore be given a dibucaine number, which 
is defined as the percentage reduction in esterase 
activity in the presence of a — 5 log molar concen- 
tration of dibucaine under standard conditions. 
Persons with typical pseudocholinesterase have a 
high dibucaine number, usually around 74, whilst 
those with only atypical pseudocholinesterase have 
a low dibucaine number, under 20. It is possible 
to recognize a third group of people who have both 
typical and atypical pseudocholinesterase and in 
these the dibucaine number lies between 40 and 
70. It is possible that in the presence of a relative 
overdose these are the patients who show an ex- 
tended response to suxamethonium; the two 
patients described by Evans and his colleagues 


hy 
fas 
: v at 
Q 
40 
30 
20 
1 hot 
4 3 2 


456 


(1952) may have been in this group. In a Canadian 
population, Kalow and Staron (1957) have esti- 
mated that 96.4 per cent of persons have a dibu- 
caine number over 70, 3.6 per cent have a dibu- 
caine number between 40 and 70, and approxi- 
mately 1 in 3,000 have a dibucaine number below 
20—an incidence high enough to be of concern to 
anaesthetists. 

Recently it has been possible to investigate seven 
cases of suxamethonium apnoea in children. Four 
of these were encountered by the author and three 
were referred from other hospitals. The ages of the 
children varied from 2 to 12 years and there were 
five girls and two boys in the series. The investiga- 
tion was also extended to include the parents and 
siblings of the affected children. Pseudocholines- 
terase levels were measured by the photometric 
method using acetylcholine as substrate as des- 
cribed by Biggs, Carey and Morrison (1958) 
(normal range 100 to 180 Warburg units), and the 
dibucaine numbers by ultraviolet spectrophoto- 
metry as detailed by Kalow and Genest (1957). 


CASE REPORTS 
Case 1. Lyndsay McL., aged 10 years; weight 3 st. 
8 Ib. (22 kg). 

Operation. Cystoscopy for urinary infection. 

Premedication. Trimeprazine 30 mg, 4 hours pre- 
operatively; morphine 5 mg and atropine 0.6 mg, 1 
hour pre-operatively. 

Anaesthesia was induced with thiopentone sodium 
75 mg intravenously followed by suxamethonium 
chloride 25 mg. An endotracheal tube was passed and 
controlled ventilation instituted using nitrous oxide and 
oxygen, 5 and 3 |./min respectively and Ayre’s T-piece 
with a double-ended bag as described by Rees (1959). 
Apnoea lasted 45 minutes. Faradic stimulation of a 
motor nerve showed a non-depolarizing block and 
with the return of spontaneous respiration edro- 
phonium 3 mg was given intravenously. Marked im- 
provement in the depth of respiration occurred and 
following atropine 0.6 mg and neostigmine 1.5 mg 
adequate respiration was present and recovery from 
anaesthesia was prompt; no residual myoneural block 
was detected. 


’ Dibucaine number between 40 and 70. 
) = Dibucaine number below 20. 
Numbers=Esterase activity in Warburg units. 
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Comment. In figure 3 the pseudocholinesterase esti- 
mations and the dibucaine numbers in this family have 
been plotted. Although the patient has a low pseudo- 
cholinesterase level, the father, mother, brother, and 
sister are within the normal range. The father, mother, 
brother, and sister all have dibucaine numbers which 
show them to be of the intermediate type, whereas 
the patient’s dibucaine number was 5. 

Case 2. Christine R., aged 2 19 Ib. 
(8.6 kg). 

Operation. Bilateral release of trigger thumbs. 

Premedication. Atropine 0.45 mg given 1 hour pre- 
operatively. 

Anaesthesia was induced with thiopentone sodium 
40 mg followed by suxamethonium chloride 25 mg. 
Intubation was performed and controlled ventilation 
instituted using nitrous oxide and oxygen, 5 and 3 
I./min respectively with an Ayre’s T-piece and double- 
ended bag. Apnoea persisted for 60 minutes and 
resumption of spontaneous respiration was associated 
with a marked tracheal tug; faradic stimulation of a 
motor nerve showed a typical non-depolarizing block. 
Edrophonium 1.5 mg produced an improvement in 
the depth of respiration, and following atropine 0.3 mg 
and neostigmine 0.8 mg intravenously, the patient 
made a rapid and uneventful recovery. 


years; weight 
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« Dibucaine number between 40 and 70. 
C Dibucaine number below 20. 
Numbers=Esterase activity in Warburg units. 
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Comment. The results of the pseudocholinesterase 
estimations and dibucaine numbers in this family are 
shown in figure 4. One of the parent’s and child’s 
pseudocholinesterase levels are reduced below normal. 
The dibucaine numbers of the parents were between 
40 and 70 but the patient’s dibucaine number was only 
17. 


Case 3. Pauline Ct., aged 10 years; weight 3 st. 8 Ib. 
(22 kg). 

Operation. Skin graft to foot. 

Premedication. Trimeprazine 30 mg, 4 hours pre- 
operatively; atropine 0.6 mg, 1 hour pre-operatively. 

Induction of anaesthesia was accomplished with thio- 
pentone sodium 85 mg followed by suxamethonium 
chloride 50 mg intravenously. The patient was intu- 
bated and controlled ventilation was started with 
nitrous oxide and oxygen using an Ayre’s T-piece and 
double-ended bag. Apnoea continued for 105 minutes 
and at this time a non-depolarizing block was demon- 
strated on faradic stimulation of a motor nerve; 30 
minutes later there was a marked tracheal tug. The 
myoneural block was reversed by atropine 0.45 mg 
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followed by neostigmine 1.5 mg. The patient awoke 
and removed the endotracheal tube. Over the next 
10 minutes spontaneous respiration gradually became 
inadequate and the tracheal tug reappeared. The 
patient was re-intubated with ease and controlled 
ventilation was restarted with nitrous oxide and 
oxygen. Sixty minutes later spontaneous respiration 
was judged to be adequate and on discontinuing the 
nitrous oxide, the patient awoke. The subsequent 
course was uneventful. 


2 46 


© = Dibucaine number between 40 and 70. 
= Dibucaine number below 20. 
Numbers=Esterase activity in Warburg units. 
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Comment. This case demonstrates the importance 
of keeping the patient under close observation during 
recovery from a prolonged apnoea and also the 
transient effect that neostigmine may have if given too 
early in the recovery from this type of neuromuscular 
block. In figure 5 it can be seen that although the 
father’s and mother’s pseudocholinesterase is normal, 
the brother’s and patient’s pseudocholinesterase levels 
are below normal. Both the parents have dibucaine 
numbers between 50 and 70, and both the children 
have dibucaine numbers below 20. The brother has 
never had an anaesthetic, and it can be predicted that 
if he were given suxamethonium 1.6 mg/kg, a pro- 
longed neuromuscular block would develop. 


Case 4. Lynn Cr., aged 24 years; weight 28 Ib. 
(12.7 kg). 

Operation. Release of trigger thumb. 

Premedication. Trimeprazine 30 mg 4 hours pre- 
operatively; morphine 3 mg and atropine 0.6 mg, 1 
hour pre-operatively. 

Anaesthesia was induced using thiopentone sodium 
50 mg which was followed by suxamethonium chloride 
50 mg. An endotracheal tube was passed and ventila- 
tion controlled with nitrous oxide and oxygen, using 
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ca Dibucaine number over 70. 
© Dibucaine number between 40 and 70. 
Dibucaine number below 20. 
Numbers=Esterase activity in Warburg units. 
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an Ayre’s T-piece and double-ended bag. Apnoea was 
present for 90 minutes, and on resumption of spon- 
taneous respiration a non-depolarizing block was 
demonstrated on faradic stimulation of a motor nerve. 
The rectal temperature was 98.8°F (37.1°C). 
Edrophonium 3 mg was given 15 minutes after the 
return of spontaneous respiration and following a 
marked improvement in muscle tone, neostigmine 1 
mg, preceded by atropine 0.3  mg_ intravenously 
restored adequate respiration, The patient promptly 
awoke when the nitrous oxide was turned off. 

Comment. pseudocholinesterase estimations 
show that although the patient’s and mother’s levels 
are subnormal, those of the rest of the family are 
within the normal range (fig. 6). The dibucaine num- 
bers of the father and brother show them to have 
typical pseudocholinesterase, whilst the mother’s 
dibucaine number of 61 is in the intermediate range, 
yet the patient’s number is 8.7, showing her to possess 
only atypical pseudocholinesterase. The significance of 
this familial pattern will be discussed later. 


Case 5. Thomas M., aged 6 years; weight 3 st. 8lb. 
(22 kg). 

Operation. Reduction of compound fracture of 
radius and ulna. 

Premedication. 
operatively. 

Anaesthesia was induced by thiopentone sodium 100 
mg intravenously followed by  suxamethonium 
chloride 35 mg. The patient was intubated and a 
mixture of nitrous oxide 6 1./min with oxygen 3 |. /min 
was used to control ventilation with an Ayre’s T-piece 
and double-ended bag. Apnoea lasted 90 minutes. No 
drugs were given and respiration became adequate 
over the next 30 minutes. 


35 


© = Dibucaine number between 40 and 70. 
) = Dibucaine number below 20. 
Numbers=Esterase activity in Warburg units. 
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Atropine 0.6 mg, 45 min. pre- 


Comment. It was not possible to trace the mother 
of this child but the father’s pseudocholinesterase level 
was normal, whereas the patient’s was subnormal (fig. 
7). The father had a dibucaine number of 43, whereas 
the patient’s was zero. 


Case 6. Stuart J.. aged 5 years; weight not known. 

Operation. Adenotonsillectomy. 

Premedication. Papaveretum 8 mg and hyoscine 0.16 
mg. 1 hour pre-operatively. 

Anaesthesia was induced with intravenous thiopen- 
tone sodium 150 mg followed by suxamethonium 
chloride 40 mg. A nasotracheal tube was passed and 
ventilation was controlled with nitrous oxide 6 |./min 
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and oxygen 2 1./min together with minimal ether-halo- 
thane azeotropic mixture from a Rowbotham’s bottle 
using a Magill attachment. The azeotropic mixture was 
discontinued after 10 minutes because spontaneous 
respiration did not reappear. Nalorphine 6 mg, 
edrophonium 5 mg and nikethamide 2 ml produced 
no effect. Ventilation was continued with oxygen only; 
180 minutes later a tracheal tug appeared, associated 
with weak respiratory efforts. Two doses of 
edrophonium 5 mg produced a considerable improve- 
ment in the depth of respiration. Atropine 0.6 mg 
followed by neostigmine 1.25 mg were given and 
shortly after this the child recovered consciousness. 
Respiration remained adequate thereafter. 


q 
83 
a Dibucaine number between 40 and 70. 


Dibucaine number below 20. 
Numbers=Esterase activity in Warburg units. 
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Comment. The long duration of apnoea in this case 
may have been related to the dose of edrophonium 
that was given when it was realized that this child 
had a prolonged apnoea. It is interesting to note that 
the pseudocholinesterase levels of the parents are 
within normal limits whereas all the children’s levels 
are subnormal (fig. 8). The patient had a dibucaine 
number of 3.4, and the rest of the family had dibucaine 
numbers in the intermediate range. 


Case 7. Janice T., aged 12 years; weight 6 st. (38 kg). 
Operation. Adenotonsillectomy. 
Premedication. Papaveretum 14 mg and hyoscine 

0.3 mg, 1 hour pre-operatively. 

Anaesthesia was induced with thiopentone sodium 
200 mg followed by suxamethonium chloride 30 mg 
intravenously. A nasotracheal tube was passed and 
ventilation was controlled with nitrous oxide 6 1./min 
and oxygen 3 1./min with minimal ether-halothane 
azeotropic mixture from a Boyle’s ether vaporizer 
using a Magill attachment; 5 minutes later the 
azeotropic mixture was discontinued, and ventilation 
was continued with nitrous oxide and oxygen only. 
Apnoea persisted for 45 minutes. Edrophonium 10 mg 
produced great improvement in the depth of respira- 
tion, Neostigmine 2.5 mg followed by atropine 1.2 
mg resulted in adequate respiration, and the patient 
then rapidly regained consciousness when the nitrous 
oxide was discontinued. 

Comment. In this case the dose of suxamethonium 
was only 5 mg/stone (0.9 mg/kg), which is half the 
usual initial dose, and the apnoea lasted for only 45 
minutes. The pseudocholinesterase levels of the whole 
family are below normal limits. The dibucaine numbers 
of the parents are in the intermediate range, but both 
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the children have dibucaine numbers of 20 or below. 
This case illustrates the importance of investigating 
not only the patient but also the family, so that ade- 
quate warning may be given if another member of 
the family is found to have a low dibucaine number, 
and hence will be sensitive to suxamethonium. 


DISCUSSION 


Can the thesis be accepted that prolonged apnoea 
following a single dose of suxamethonium is due 
to complete failure of the pseudocholinesterase to 
metabolize this drug in the concentration in which 
it is present in the plasma? Many cases of pro- 
longed apnoea due to suxamethonium have been 
reported but in the majority of instances insuffi- 
cient clinical and laboratory data are available to 
make it possible to determine whether these were 
really due to the prolonged action of suxametho- 
nium. Few cases have been described in which the 
dibucaine numbers have been investigated (Kalow 
and Gunn, 1957; Harris et al., 1960). The small 
series reported here supports this thesis. 

If, then, it be accepted that in certain individu- 
als, their pseudocholinesterase is unable to destroy 
the injected suxamethonium, what type of neuro- 
muscular block is produced? Since no electro- 
myographic tests have been performed during a 
case of prolonged neuromuscular block of this 
kind, it is not possible to be dogmatic about which 
type of block is present. Certainly it is a most pro- 
found paralysis and it is tempting to think that, 
initially at any rate, a depolarizing block is present. 
Some evidence for this belief is to be found in the 
case described by Lehmann and Simmons (1958), 
in which apnoea of 90 minutes duration was 
readily reversed by an injection of concentrated 
pseudocholinesterase. On the other hand there is 
considerable evidence that in the later stages, a 
non-depolarizing block has been produced, in that 
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it is reversed by anticholinesterase drugs (Argent, 
Dinnick and Hobbiger, 1955; Ruddell, 1958; 
Abrams and Ginsberg, 1960). Certainly in four of 
the cases in the present series it was possible to 
demonstrate a typical non-depolarizing block on 
stimulation of a motor nerve as shown by tetanic 
fade and post-tetanic facilitation. In this respect 
these cases showed the same response as those 
patients who have received large doses of suxa- 
methonium (Churchill-Davidson and Christie, 
1959). Indeed it may be that these cases who show 
a prolonged block after a single dose are behaving 
in a manner identical with those normal persons 
who are given large doses of suxamethonium; in 
both conditions the level of suxamethonium at the 
motor endplate is maintained at a high concentra- 
tion; in the first instance by failure of the pseudo- 
cholinesterase to destroy it, and in the second, by 
repeated infusions. So that just as in cases which 
are given large doses of this depolarizing drug, so 
in these cases of prolonged apnoea the neuro- 
muscular block gradually changes from a depolar- 
izing to a non-depolarizing type. There is probably 
no critical point at which the character of the block 
changes but the gradual development of a non- 
depolarizing type is unmasked by the subsidence 
of the original depolarizing type of block. 

The gradual reduction in intensity of the de- 
polarizing block is probably associated with a fall 
in the plasma concentration of suxamethonium. If 
enzymatic activity is not responsible for the des- 
truction of this drug, some other mechanism must 
be involved. It is known that non-enzymatic hy- 
drolysis of suxamethonium may occur in vitro and 
at high concentrations of substrate this can be very 
impressive. However, at a pH of 7.4 and at normal 
body temperature alkaline hydrolysis is very slow 
(Fraser, 1954). Whether this breakdown mechan- 
ism can be entirely responsible for the destruction 
of suxamethonium in the absence of active pseudo- 
cholinesterase, or whether some other method of 
elimination plays an important part, is still a mat- 
ter for conjecture. 

The changes that give rise to the development 
of a non-depolarizing block are still inadequately 
understood. Paton (1956) believes that there is in 
such cases an area around the motor endplate 
which is depolarized, the so-called desert area, and 
hence a large endplate potential is required to over- 
come this insensitive area. On the other hand, 
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Thesleff (1956) believes that the endplate itself has 
changed its sensitivity to depolarizing drugs includ- 
ing the natural depolarizer. In both cases increas- 
ing the quantity of acetylcholine at the motor end- 
plate by anticholinesterase drugs will overcome the 
block. Recent work with radio-active labelled de- 
polarizing drugs would seem to suggest that the 
non-depolarizing neuromuscular block produced 
by these drugs, the so-called phase II block, is 
different from that produced by the true non- 
depolarizing group of drugs. In vitro d-tubocura- 
rine uptake is not reduced and there is little release 
of radio-active labelled depolarizing drugs when 
large doses of d-tubocurarine are added to a nerve 
muscle preparation showing evidence of a phase II 
block, suggesting that different receptor sites are 
involved (Taylor, 1959). Furthermore, the rate of 
development of a phase II block is consistent with 
the slow uptake by the muscle fibres of the radio- 
active labelled depolarizer. The route of entry 
would seem to be via the motor endplate since, if 
the receptors here are blocked by d-tubocurarine, 
little uptake can be demonstrated. The presence of 
the depolarizing drugs within the muscle fibre 
around the motor endplate adds support to Paton’s 
theory. 

It has been shown in dogs (Stevenson, 1960) 
and in man (Paton, 1959) that suxamethonium 
causes an increase in the serum potassium level. 
It is tempting to think that a change in the electro- 
lyte pattern inside the muscle cell may be respon- 
sible for the refractoriness to depolarization. A 
similar mechanism has also been held responsible 
in patients who have received an infusion of oxy- 
tocin, in whom the action of suxamethonium is 
changed from a depolarizing to a non-depolarizing 
block (Hodges et al., 1959). Indeed it has been 
recommended that an intravenous infusion of 
potassium chloride may be attempted when other 
therapeutic measures fail to terminate a suxame- 
thonium induced apnoea (Foldes, Rendell-Baker 
and Birch, 1956). 

There would seem to be no doubt that sensi- 
tivity to suxamethonium is a familial trait. Leh- 
mann and Simmons (1958) reported the case of two 
brothers, both of whom were sensitive to suxame- 
thonium, and Power (1958) described sensitivity 
in two sisters. As a result of investigations of cases 
of suxamethonium apnoea, Lehmann and Ryan 
(1956) found that there was a familial incidence of 
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low pseudocholinesterase levels. It was later postu- 
lated (Lehmann, Patson and Ryan, 1958) that, in 
healthy persons, three groups could be distin- 
guished depending on their pseudocholinesterase 
values. The first group had levels over 90 Warburg 
units, and were classified as normal homozygotes; 
the second group, in which the pseudocholines- 
terase values lay between 36 and 60 units, were 
deemed to be heterozygotes; and the third group 
in whom the levels were below 20 units, were 
called abnormal homozygotes. There was, how- 
ever, considerable overlap in the groups and in the 
60-90 units range both normal homozygotes and 
heterozygotes could be found. Similarly, heterozy- 
gotes and abnormal homozygotes may have values 
in the range of 20-36 units. 

The hereditary pattern of low pseudocholines- 
terase level bears a remarkable resemblance to the 
inheritance of atypical pseudocholinesterase des- 
cribed by Kalow and Staron (1957) who suggested 
that their findings can be explained on the basis 
that there exist two allelic autosomal genes without 
dominance. Thus if the letter A represents the 
gene for typical pseudocholinesterase and the letter 
B the gene for atypical a person with a high di- 
bucaine number could be represented by the letters 
AA, those with a low dibucaine number by the 
letters BB, and the intermediate group by the let- 
ters AB. In order, therefore, that a child should 
have only atypical pseudocholinesterase (BB) it is 
necessary either that both parents are of the inter- 
mediate type (AB) or that one of them is homozyg- 
ous for atypical pseudocholinesterase (BB) and the 
other heterozygote (AB). 

It has recently been demonstrated very clearly 
by Harris and his co-workers that these two heredi- 
tary patterns are in fact synonymous (Harris et al., 
1960). They were able to show in eleven cases of 
suxamethonium sensitivity that all had low di- 
bucaine numbers and also low pseudocholines- 
terase levels. Furthermore, there was a correlation 
between the three ranges of dibucaine numbers as 
described by Kalow and Genest (1957) and the 
three levels of pseudocholinesterase suggested by 
Lehmann, Patson and Ryan (1958). It was postu- 
lated that the dibucaine number and esterase ac- 
tivity are characteristics of the same enzyme. These 
findings conveniently reconcile the two apparently 
divergent observations of Kalow and Genest and 
Lehmann, Patson and Ryan. 
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Unfortunately, the hereditary pattern is probably 
not as simple as has been suggested. In a family 
described by Kalow and Staron (1957) and in 
another investigated by Harris and his colleagues 
(1960) one of the parents of a child with a low 
dibucaine number had only typical pseudocholines- 
terase and therefore, according to the present thesis, 
could not have a child with only atypical pseudo- 
cholinesterase. It has been suggested (Harris et al., 
1960) that this anomaly could be explained by the 
presence of an allele which leads to a low esterase 
activity and could be regarded as virtually in- 
active. Such an allele in combination with a typical 
allele would give rise to a high dibucaine number 
but a low esterase activity, whilst in combination 
with an atypical allele would result in a low dibu- 
caine number and an esterase activity even lower 
than is to be expected. In the family Cr. (case 4) 
in this series, where the father had a high dibu- 
caine number, this explanation would not seem to 
be adequate. Apart from this discrepacy, there are 
the details which are not adequately explained by 
the present concept of inheritance, and almost cer- 
tainly minor modifications will have to be made as 
more information becomes available. 

An interesting point is raised by the findings of 
Harris and his colleagues (1960) and of the present 
series. The combined total of eighteen cases, who 
are known to be suxamethonium sensitive and have 
low dibucaine numbers, also have low pseudo- 
cholinesterase levels. One is tempted to wonder 
whether those cases who had a suxamethonium 
apnoea and at the same time a normal pseudo- 
cholinesterase level were genuinely sensitive to 
suxamethonium. This anomaly may be explained 
by the knowledge that enzyme activity varies ac- 
cording to the substrate used. When esterase 
activity is estimated by the method of Smith and 
his colleagues (1959) using phenylbenzoate each 
of the patients in this series known to be suxame- 
thonium sensitive was shown to have a much 
higher value than was the case when acetylcholine 
was the substrate (Biggs, Carey and Morrison, 
1958). Different laboratory techniques for measur- 
ing esterase activity may account for the failure of 
this series to conform to the pattern described by 
Lehmann, Patson and Ryan (1958), in that there 
is a wider scatter of pseudocholinesterase levels in 
the heterozygote and abnormal homozygote 
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TREATMENT 


The first aim, as in any case of prolonged apnoea, 
is the maintenance of adequate ventilation. 
Though there are reports in the literature that, 
despite oxygen alone being administered, the 
patient was amnesic for the period of the apnoea, 
it is wiser to continue ventilation with a mixture 
of equal volumes of nitrous oxide and oxygen. 
Using such concentrations, it is possible to guard 
against the return of consciousness and at the same 
time provide adequate oxygenation. Bourne (1953) 
points out that when paralysis is complete there is 
no sign which indicates that consciousness has re- 
turned, and similarly advocates the use of nitrous 
oxide and oxygen for ventilation. 

Faradic stimulation of a motor nerve will deter- 
mine whether the block is of the non-depolarizing 
or depolarizing type. If there is evidence that the 
block it still of the depolarizing type, and a con- 
centrated solution of pseudocholinesterase is avail- 
able, it can be expected to terminate the apnoea. 
Anticholinesterases must not be given at this stage 
since they will potentiate the block. On the other 
hand, when a non-depolarizing type of block can 
be demonstrated, anticholinesterase drugs can be 
expected to accelerate recovery, Edrophonium in 
an adult dose of 10 mg intravenously is a good 
therapeutic test before giving atropine 1.2 mg fol- 
lowed by neostigmine 5 mg. Even if no drugs are 
given, the condition is self-limiting and recovery 
can be confidently expected, although pulmonary 
ventilation may be needed for 3 or 4 hours. The 
duration of apnoea varies in direct proportion to 
the dose of suxamethonium given, so that it is wise 
never to administer more than 50 mg as an initial 
dose. Even after apparently complete reversal, the 
patient should be kept under close observation for 
the next 30 minutes to ensure that subsequent 
recovery is uneventful. 

It may well be asked how this complication may 
be avoided. Certainly all patients who are known 
either to have a low dibucaine number or to have 
had a prolonged apnoea due to suxamethonium 
should be told of their sensitivity and warned to 
convey this information to the anaesthetist before 
further operation. Apart from the routine estima- 
tion of pseudocholinesterase levels and dibucaine 
numbers in patients likely to receive suxametho- 
nium, there is no other method by which healthy 
suxamethonium sensitive patients may be distin- 
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guished. This approach is obviously impracticable. 
The only possible alternative is to use a test dose 
of suxamethonium prior to the main dose, as advo- 
cated by Bourne (1953) and described by Foldes 
(1959). The value of this procedure has already 
been reported by Power (1958), who showed that 
in a child in whom he suspected suxamethonium 
sensitivity, a dose of only 2 mg intravenously was 
followed by an apnoea of 3 minutes, whereas a 
similar dose in a normal child of the same age 
produced only slight depression of respiration. 

It can be hoped, therefore, that as more of these 
cases of suxamethonium sensitivity are recognized 
and adequately investigated, not only will the pat- 
tern of inheritance of atypical pseudocholinesterase 
become clearer but also that, by a greater under- 
standing of the mechanism involved, the incidence 
of prolonged apnoea due to suxamethonium will be 
reduced. 


SUMMARY AND CONCLUSIONS 


Suxamethonium apnoea is a term which must be 
reserved for those cases in whom a prolonged 
neuromuscular block due to suxamethonium can 
be demonstrated. Abnormal responses to suxame- 
thonium may occur (a) following doses of the order 
of 1 to 1.5 g when a dual block may develop, (6) 
following a single injection when the return of 
muscle power is delayed for approximately 10 
minutes, an extended response, and (c) following a 
single injection when a neuromuscular block last- 
ing 1 to 2 hours develops, a prolonged response. 

Recent work suggests “that the prolonged re- 
sponse results from failure of suxamethonium 
hydrolysis due to the presence of an atypical form 
of pseudocholinesterase, which may be recognized 
by the inability of dibucaine to inhibit its activity 
in vitro. Using this test, three types of persons may 
be distinguished; those who have only typical, 
those who have a mixture of typical and atypical, 
and those who have only atypical pseudocholines- 
terase. A familial pattern can be found in these 
persons who inherit atypical pseudocholinesterase 
and it is estimated that 1 in 3,000 persons will 
have only atypical pseudocholinesterase. 

Seven cases of suxamethonium apnoea are des- 
cribed and in all cases the familial pattern was 
investigated. In four cases a change from depolar- 
izing to non-depolarizing type of neuromuscular 
block was demonstrated and it is highly probable 
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that this change occurs in all cases of suxametho- 
nium apnoea. Although the apnoea is self-limiting, 
ventilation must be continued with a mixture of 
nitrous oxide and oxygen, but recovery from 
the non-depolarizing block can be accelerated by 
the use of neostigmine. The use of a test dose of 
suxamethonium may abolish this unnecessary and 
inconvenient complication of the use of suxame- 
thonium. 
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AWARENESS DURING SURGERY 
A Study of its Incidence 


BY 


RuTH HUTCHINSON* 
Department of Anaesthetics, Welsh National School of Medicine, Cardiff, Wales 


THERE have been sporadic reports of patients who, 
although apparently anaesthetized adequately, 
felt pain or described conversations and incidents 
which undoubtedly occurred during operation 
(Winterbottom, 1950; Mushin, 1951; Graff and 
Phillips, 1959; Alment, 1959). Attention has been 
drawn to the risk that the patient might be awake 
during operation, when anaesthetic techniques 
involving large doses of relaxants are used 
(Mushin, 1951; Editorial, 1959; Parkhouse, 1960). 
However, no attempt seems to have been made 
to assess the incidence of this phenomenon in an 
environment of expert modern anaesthesia and the 
purpose of this paper is to describe such a study. 


METHOD 


During two periods, each of about five weeks, post- 
operative visits were made to all patients who had 
received general anaesthesia in any one of four 
operating theatres, three of which were used for 
general and emergency surgery, and one for 
gynaecological surgery and neurosurgery. Twenty 
anaesthetists, ranging in status from consultant to 
senior house officer, gave the anaesthetics. Children 
under 16 years were excluded because of the 
uncertainty of accurate communication; excluded 
also were patients undergoing intracranial surgery 
because of the frequency of unconsciousness and 
semiconsciousness in the pre- and postoperative 
periods. 

The postanaesthetic enquiry was made to seem 
part of the usual routine visit. Questions about the 
last pre-operative and first postoperative recol- 
lection led up to the main question: “Did you 
dream during your operation?” Great care was 
taken that neither patients nor nursing staff 
realized the purport of the investigation. For this 
and other obvious reasons, no patient was asked 


“At present at the Department of Anaesthetics, St. 
Thomas’s Hospital, London, S.E.1. 


directly whether he remembered his operation, 
although one or two patients at once described 
some recollection as a reality rather than a dream. 
The small number of patients who had “dreamt” 
were all listened to with equal interest but only 
those “dreams” which seemed to have any possible 
relationship with surgical or anaesthetic pro- 
cedures were recorded in detail. In these cases 
careful histories and details of anaesthesia, includ- 
ing time and dosage of premedication, and any 
observation made by the anaesthetist concerned 
were noted. The collection of these data was 
simplified by the routine use of anaesthetic records 
in this unit. The patient’s dream was then com- 
pared with the events in the operating theatre to 
see if there was any possible connection between 
the two. 
RESULTS 


The total number of patients involved was 700, of 
whom 656 form the series to be described. Satis- 
factory answers to the enquiry were not obtained 
from the other 44 patients for the reasons set out 
in table I. 

TABLE I 


Minor cases (mainly cystoscopies) who were 
discharged from hospital on the day of 
operation or before the author’s visit next day 

Patients who were too ill to ou. senile or 
imbecile 


Patients 


languages 


Total 


The details of the 656 remaining are listed in 
table II. Only 9 patients had dreams which 
appeared to have any possible connection with 
events in the theatre, and only 8 of these fall 
within the scope of the study as the story of the 
ninth patient was rejected. The details of these 
cases are reported below. 
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TaBLe Il 
Results of postoperative interview. 


Patients who neither dreamed nor remembered 
part of their operation ... ... ... ... «.. 
Patients who had dreams unrelated to their 
operation .. 
Patients who 
apparently related to operation ... ... 
Patients who had a dream related to operation, 
but whose story was rejected ... Pe aie 


had a dream or experience 


Total 


CASE REPORTS 


Case 1. An obese 36-year-old woman. 

Operation. Repair of supra-umbilical hernia. 

Anaesthesia. Papaveretum 20 mg, hyoscine 0.4 mg 
given 1 hour pre-operatively. Thiopentone 500 mg, 
gallamine 180 mg, pethidine 15 mg. Nitrous oxide 
3 l/min, oxygen 1.5 1./min. Intermittent positive 
pressure respiration. Duration 1 hour. Patient began 
to breathe spontaneously during operation, pethidine 
and gallamine needed to regain control. 

Patient's dream. She was struggling to remember 
the anaesthetist’s name, she wanted to argue but could 
not “because there was something in my mouth, stop- 
ping me talking”. “Someone was pushing something 
around in my stomach.” 

Discomfort: yes. Hearing: none. Vision: none. 

Comment. The patient had an oral airway inserted 
for a minute or two after extubation but it was re- 
moved before she left the theatre. As she did not 
remember anything being put into or removed from 
her mouth, and as she was apparently prevented from 
talking by the object, it seems likely that it was the 
endotracheal tube. This patient was not upset by her 
experience. 

Possible cause of anaesthetic resistance: (a) obesity; 
(b) occasional alcohol. 


Case 2. A 55-year-old woman with mild bronchitis. 

Operation. Hemicolectomy for carcinoma of the 
caecum. 

Anaesthesia. Promethazine 25 mg, pethidine 50 mg, 
atropine 0.6 mg given 1 hour pre-operatively. 

Thiopentone 250 mg, gallamine 120+ 40 mg, nitrous 
oxide and oxygen. Intermittent positive pressure res- 
piration. Duration 1} hours. There was considerable 
bleeding during surgery, and intravenous plasma was 
started after some difficulty. The anaesthetic was pur- 
posely lightened at what was apparently the end of 
the operation but had to be deepened when the surgeon 
decided to turn the patient in order to insert a perineal 
drain. 

Patient's story. The patient complained immediately 
she was back in the ward that she had felt during her 
operation abdominal pain “like red-hot needles”. She 
had heard voices around her, including that of the 
surgeon who performed the operation. She also heard 
the loud noise of a machine and felt she was slid- 
ing up and down the table attached to it. She was 
unable to move or attract attention. 

Discomfort: yes (pain). Hearing: yes. Vision: none. 

Comment. The patient’s story is a convincing one 
of mechanical artificial ventilation, about which she 
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had no knowledge. The anaesthetist concerned felt 
that the experience described must have occurred at 
the end of the main procedure when the anaesthetic 
was known to be “light”. As she did not remember 
being turned over, nor complain of the perineal 
incision, it seems more likely that the experience 
occurred earlier, possibly during skin suturing. The 
patient was angry and distressed. 

No cause of resistance to anaesthetic drugs was 
apparent. 


Case 3. A wasted little old lady of 70 years. 

Operation. Laparotomy and biopsy of carcinoma of 
head of the pancreas. 

Anaesthesia. Morphine 10 mg, atropine 0.6 mg given 
30 minutes before operation. 

Thiopentone 150 mg, gallamine 80 mg with two 
increments of 20 mg, nitrous oxide 2.75 1./min and 
oxygen 1.25 1./min. Intermittent positive pressure res- 
piration. Duration 14 hours. There was no movement 
or loss of control of respiration during surgery. 
Additional gallamine was given for relaxation only. 

Patient's story. She awoke in the theatre, with pain 
deep in the abdomen. The pain was associated with an 
irregular rapid clicking noise “like someone in a 
hurry”. She thought at first that the clicking was due 
to cameras, but then decided she was being given 
“X-ray treatment”. She also heard people talking about 
football. 

Discomfort: yes (pain). Hearing: yes. Vision: none. 

Comment. It was established that one particularly 
fast-working surgeon sewed up the posterior peri- 
toneum and the deep layers of the anterior abdominal 
wall using a needle-holder with a ratchet. Another 
surgeon completed the closure using a different 
needle-holder. A forthcoming Cardiff-Springbok rugby 
match was discussed during the case. 

This frail old lady became very distressed when an 
attempt was made to discover further details of her 
experience, and it was felt to be unjustifiable and 
unnecessary to continue to question her. In fact, when 
an attempt was made to re-open the subject a week 
later she denied any unpleasant experience: she had 
just had a bad dream. 

This patient had had limited amounts of analgesic 
drugs before operation. Panadol (paracetamol) had 
been given for two weeks and in addition two doses 
of dihydrocodeine. There was no other obvious cause 
of anaesthetic resistance. 


Case 4. A rather obese 63-year-old woman who had 
been intermittently jaundiced. 

Operation. Cholecystectomy for cholelithiasis. 

Anaesthesia. Morphine 10 mg, atropine 0.6 mg given 
14 hours pre-operatively. 

Thiopentone 300 mg, gallamine 100 mg with two 
increments of 40 mg. Nitrous oxide 4 1./min and 
oxygen 2 |./min. Intermittent positive pressure respira- 
tion. Duration: 14 hours. During operation a con- 
siderable degree of hypertension was _ recorded 
200/120 mm Hg), although the normal blood pressure 
was only 150/80 mm Hg. 

Patient's story. She felt discomfort in the area of 
operation but could not move or attract attention. She 
knew there were people about her talking but could 
not remember the actual conversation. 

Discomfort: yes. Hearing: yes. Vision: none. 

Comment. There was no part of the patient's story 
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which could be checked. She was not at all upset by 
her experience. There was no obvious cause of anaes- 


thetic resistance. 


Case 5. A rather excitable 48-year-old woman, with 
a blood pressure of 180/120 mm Hg. 

Operation. Sigmoidoscopy, and cholecystectomy for 
cholecystitis. 

Anaesthesia. Papaveretum 20 mg, hyoscine 0.4 mg 
given 14 hours pre-operatively. 

Thiopentone 300 mg, gallamine 200 mg. Nitrous 
oxide 3 L/min and oxygen 14 1./min with 0.5 per 
cent halothane (Fluotec) V.O.C.* Intermittent positive 
pressure respiration. Duration: 14 hours. The halo- 
thane was discontinued and washed out before the 
end of the operation. The patient moved a leg during 
closure of the abdomen and was told to lie still. 
Anaesthesia was deepened. 

Patient's story. She was conscious of a “gnawing” 
sensation under the right ribs. She wanted to move, 
but felt compelled to be still. After a time she felt able 
to move a little “because the pain was getting rather 
much” and moved her left foot. She heard a “voice 
from above” telling her tovlie still. 

Discomfort: yes (pain). Hearing: yes. Vision: none. 

Comment. This patient seemed excited by her 
experience. She later spontaneously wrote as follows: 
“Increasingly I believe that there is a level during 
anaesthesia where one feels and knows everything that 
is going on but there is no distress. . . . The memory 
I have is one of exultation and complete confidence. 
This has occurred each time I have had an anaesthe- 
tic.” 

No cause was found for any resistance to anaes- 
thetic agents. 


Cast 6. A healthy 38-year-old female. 

Operation. Hysterectomy for fibromyomata. 

Anaesthesia. Morphine 10 mg, hyoscine 0.4 mg. 

Thiopentone 350 mg, gallamine 140 mg, Pethilorfan 
100 mg, nitrous oxide and oxygen. Intermittent positive 
pressure respiration. Duration 14 hours. During the 
early part of the case the ventilator appeared to be 
leaking. Even with high flow rates it would only give 
a positive pressure of 10 cm H,O and manual inter- 
mittent positive pressure respiration was started 
because it was felt that the patient was being hypo- 
ventilated. 

Patient's dream. The patient dreamt that the pages 
of a heavy book were being slowly turned over at 
regular intervals. There was a continuous noise which 
reached a crescendo during the effort of getting the 
page upright. The page then flopped over. She felt that 
she must struggle to wake up but could not. 

Discomfort: none. Hearing: yes. Vision: none. 

Comment. The possible relationship between this 
dream and a mechanical ventilator is mere conjecture. 
But, as the story was told, the time intervals and 
description of the background noise were very sugges- 
tive. The dream was not at all unpleasant to the 
patient. 

No known cause of anaesthetic resistance was dis- 
covered. 


*V.0.C.=vaporizer out of circuit (Mushin and Gal- 
loon, 1960). 
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Case 7. A healthy 52-year-old woman. 
. Operation. Radical mastectomy for carcinoma of 
reast. 

Anaesthesia. Morphine 10 mg, atropine 0.6 mg given 
1 hour pre-operatively. 

Thiopentone (dose not recorded), relaxant, nitrous 
— oxygen and halothane. Intubation was “unevent- 
ul”. 

Patient's story. The worst part of the operation was 
the extremely unpleasant choking sensation when the 
“tube was put down my throat” after the injection. This 
happened before she became unconscious, she thought. 

Comment. This patient had no knowledge of anaes- 
thetic procedures. 


Case 8. A healthy 55-year-old woman. 
Operation. Shea’s operation for deafness. 
Anaesthesia. Morphine 10 mg, atropine 0.6 mg. 
Thiopentone (dose not recorded), suxamethonium 
50 mg, nitrous oxide and oxygen with halothane. 
Patient's dream. Elijah came and breathed into her 
mouth. 
Comment. Possibly pre-intubation oxygenation. 


REJECTED CASE. 

The patient whose story was rejected was a girl of 
26, who had had a partial thyroidectomy for a mildly 
toxic goitre. She claimed to have dreamt of her 
whole operation, describing the procedure in detail 
and at length, but often in the form of a question 
and always watchful to see the effect of her remarks 
upon the observer. There was no mention of pain, 
tracheal intubation, or of the noise of conversation 
or of surgical instruments. There were so many incon- 
sistencies with what actually took place that this case 
pre not felt to fall within the scope of the present 
study. 


DISCUSSION 

The purpose of this study was to discover whether 
any of a series of apparently adequately anaesthe- 
tized patients had experienced recovery of aware- 
ness during surgery. That this condition does 
occur has been demonstrated. As an assessment 
of its incidence, however, the study is obviously 
open to some criticisms, four of which will be 
considered. 

There is very little proof that the experiences 
described by the patients really occurred during 
operation. Only case 3, who reported conversation 
and a noise similar to that of a needle-holder 
actually used, and case 5, who moved and over- 
heard a remark subsequently made, tell of 
experiences which can be corroborated. 

The cases are to a small extent selected. Some 
overnight-stay cases and some very ill patients 
were not questioned. Also, only certain types of 
surgical procedures were carried out in the few 
theatres concerned. Neither operative obstetrics 
nor chest surgery are included. 
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Although about twenty anaesthetists were con- 
cerned there were not wide differences in anaes- 
thetic techniques. In fact in the majority of 
patients anaesthesia was induced with thiopentone 
and maintained either with nitrous oxide, oxygen 
and halothane if respiration was spontaneous, or 
with nitrous oxide and oxygen, muscle relaxant 
and intermittent positive pressure techniques 
when respiration was controlled. 

The experiences described are not all clear cut, 
and might be described as a graded series. It could 
be argued that cases 6 and 8 at one end of the 
scale had no real “awareness”, whereas case 3 
gave an account that could hardly be doubted. 
Also, perhaps, cases 7 and 8 should be excluded 
because the events described probably occurred 
before consciousness was ever lost. 


Incidence. 

Although realizing the inadequacies of the study 
in calculating the incidence statistically, it was 
felt worth while to do so. As it seems self-evident 
that this condition is likely to be associated with 
the use of muscle relaxant drugs, the anaesthetic 
records of the whole series were collected and 
grouped according to the usage of these drugs 
(table ITI). 


STATISTICAL ANALYSIS 
(Dr. E. Lewis Faning) 


Problem 1. What confidence can be placed in the per- 
centages shown in table III? 

For all groups combined, out of a sample of 656 
patients, 8 had the characteristic of awareness during 
operation. This is 1.22 per cent, from which it can be 
calculated that one can say with 95 per cent degree 
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of confidence (95 per cent confidence interval) that 
for a general population of anaesthetized patients, 
from which this sample is presumably drawn, the 
percentage would be between 0.4 and 2 per cent. 

For group 2—2 cases out of a sample of 201 (1.0 
per cent)}—the confidence interval is from 0 to 2.3 per 
cent. 

For group 4—6 cases out of a sample of 216 
(2.78 per cent)}—the confidence interval is from 0.6 
to 5 per cent. In other words, 2.78 per cent of this 
group were aware, but because of sampling variation, 
we would be unwise to quote this as more accurate 
than somewhere between 0.6 and 5 per cent. But this 
range of accuracy has a 95 to 5 chance (95 per cent) 
of being correct. (Similar for the two previous para- 
graphs.) 


Problem 2. Are the differences between the proportions 
who were aware in the four groups significant, 
i.e. are these differences greater than would be 
expected to arise just by chance? 
Clearly since no cases arose either in group 1 or 
group 3, no test of significance can be applied. So 
I have combined these groups and get: 


Percentage 


Group “aware” 


1 and 3 No relaxant, or small doses over 
a long period acne 


2 Relaxants for short time in 


4 Relaxants in large doses 


2.78 


All groups 1.22 


Statistical tests suggest that the differences between 
the three sub-divisions is significant, but due to small- 
ness of numbers, some technical difficulties prevent 
one from being dogmatic. 

But if we compare group 4 against the rest (i.e. 
2.78 per cent against 0.46 per cent) this difference is 
unlikely to be due merely to chance (x?=4.7; n’=1; 
0.05>P>0.02). 


TaBLe III 
Occurrence of awareness during surgery according to the usage of muscle relaxants. 


Patients subsequently 
found to have been 
“aware” 


Per 


Total No. cent 


Patients given no muscle relaxants 


181 Nil Nil 


Patients given short-acting relaxant for intubation only (rarely repeated) 201 2 1.0 


(Cases 7 and 8) 


Patients given small doses of long-acting relaxants. Respiration spontaneous 58 Nil Nil 


Patients given large doses of long-acting relaxants. Respiration controlled 


*Excluding cases 7 and 8 


2.78 


1.22 
0.91 


216 6 
656 8 
656 6 


Totals 


“These cases were possibly describing events occurring before loss of consciousness. 


| 
: 
14 
— 
0 
the 


AWARENESS DURING SURGERY 


If we compare group 2 with group 4 (1.0 per cent 
with 2.78 per cent) the difference is not significant. Nor 
is the difference between group 2 and groups 1 and 
3 combined (1 per cent and 0 per cent). 

But group 4 is significantly different from groups 
1 and 3 combined (x?=4.76; P<0.05). 

To sum up, it seems that group 4 with large doses 
of relaxants gives somewhere between 0.6 and 5 per 
cent who were aware. This sample percentage (2.78 
per cent) is significantly higher than that given either 
by groups | and 3 together, or groups 1, 2 and 3 
together. 


AETIOLOGY 


The possible causes for this condition will be con- 
sidered, with reference to the cases described 
where this is possible. 


Reduction in percentage of mtrous oxide in the 
inspired mixture. 

The percentage of nitrous oxide which is con- 
sidered optimal in the inspired gas mixture varies 
with the anaesthetist but is usually between 60 
and 80 per cent. Where known in the cases des- 
cribed it was about 70 to 75 per cent. Experience 
with outpatient nitrous oxide anaesthesia, con- 
firmed by Bourne’s experiments (Bourne, 1960), 
suggests that even 80 per cent nitrous oxide in 
oxygen is inadequate alone to produce loss of 
awareness in all individuals. But using the tech- 
nique under discussion, even if there is no 
premedication or other pharmacological supple- 
mentation, the use of muscle relaxants and 
hyperventilation is an integral part of the 
technique. The percentage of nitrous oxide neces- 
sary in these circumstances is virtually unknown. 
Unfortunately Rosen’s interesting study (Rosen, 
1959) of 58 patients’ recollections of auditory 
stimuli was carried out on postoperative cases, an 
unknown number of whom were still being 
artificially ventilated. One patient, however, is 
described who recollected noises played to her 
from a tape recorder during the operation of 
cholecystectomy, while nitrous oxide 71 to 73 
per cent was being given. 

However, while realizing that the generally 
accepted nitrous oxide percentage in the inspired 
gas mixture may not always be adequate, there 
are occasions when this percentage is purposely 
or inadvertently reduced. For example, many 
anaesthetists give a rather higher percentage of 
oxygen to cardiac and very ill patients. The 
obvious and commonest cause of inadvertent re- 
duction in nitrous oxide percentage is a nitrous 
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oxide cylinder which runs out unnoticed. 
Although there is no evidence of this having 
happened in any of the cases described here, it 
is a sufficiently common occurrence that an anaes- 
thetist is likely to forget during which of the 
cases on an operating list the nitrous oxide 
cylinders were changed, and whether or not the 
bobbin on the flowmeter was noticed to be falling 
before it reached zero. It is pertinent to add here 
that in the four theatres used during this study 
there was not a piped nitrous oxide supply, 
cylinders being used. Also, mechanical ventilation 
was commonly employed, so that the feel of a 
reservoir bag which was failing to fill as rapidly 
as before would not be appreciated. 

Another possible cause of inadvertent reduc- 
tion of nitrous oxide percentage is the dilution 
of the inspired mixture with air or oxygen. For 
example, with some mechanical ventilators air 
may be drawn in if the fresh gas flowrate is 
insufficient, or through leaks in the system, 
especially if there is a negative pressure phase (Cole, 
1955). Oxygen bypass taps can be left on unwit- 
tingly. Waters has measured a leak of 1.5 
1./min on a Boyle’s apparatus with a faulty oxygen 
bypass tap (Waters, 1960, personal communica- 
tion). 


Resistance to nitrous oxide anaesthesia. 

Bourne (1960), in a study of the potency of 
nitrous oxide used as a sole anaesthetic, asked his 
patients about their consumption of alcohol and 
other central nervous system depressants. He con- 
cluded that the influence of acquired tolerance to 
central nervous system depressants was of para- 
mount importance. “Acquired tolerance appeared 
to be not simply the main but the only factor 
influencing a patient’s response to nitrous oxide 
after the induction period.” In this study, there- 
fore, the eight patients were asked about their 
alcohol intake and drug habits. None admitted 
more than an occasional drink except case 1, who 
had a “bitter or cider when playing skittles”, 
apparently a few nights a week. However, 
patient 3 had been taking the mild analgesic 
paracetamol for 2 to 4 weeks and also dihydro- 
codeine for 2 days. 


Inadequate supplementation of nitrous oxide 
anaesthesia. 
It is difficult to discuss this factor as it has not 
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been established that any supplementation is 
needed for techniques using nitrous oxide and 
oxygen and controlled respiration. For example, 
many anaesthetists use no hypnotic or narcotic 
drugs in premedication or thiopentone for induc- 
tion of anaesthesia in their cardiac cases. All the 
patients in this study had both narcotic premedi- 
cation and induction of anaesthesia with thio- 
pentone. Cases 1 and 6 received intravenous 
pethidine during surgery and case 5 received 
halothane 0.5 per cent although the incident 
recollected by the patient occurred after the halo- 
thane had been washed out. Unfortunately, the 
indications for supplementation of nitrous oxide 
are not defined but it may be—as pointed out by 
Siker (1956)—that there is a great need for a 
means by which gas can be potentiated safely. 


Hypoventilation. 

Gray and his colleagues pointed out the im- 
portance of hyperventilation in techniques 
employing nitrous oxide and oxygen, intermittent 
positive pressure respiration and muscle relaxants 
(Gray and Rees, 1952; Geddes and Gray, 1959). 
The hypnotic effect of low Pco, levels has been 
established (Clutton-Brock, 1957). Failure to 
hyperventilate seems a likely explanation in 
case 6, where trouble occurred with the ventilator. 
Cases 2 and 5 both remembered events occurring 
towards the end of the operation at a time when 
the effects of relaxants are often wearing off, and 
when the Pco, level is being allowed to return to 
normal prior to the re-establishment of spontaneous 
respiration. 

Inadvertent hypoventilation can occur quite 
easily. Particularly when a respirator is used, 
there may be a considerable discrepancy between 
the volume recorded by the machine and that 
actually reaching the patient’s lungs—a fact not 
always appreciated. 


The anti-analgesic action of thiopentone. 

All the patients in this series received this drug, 
It cannot be excluded that, particularly in the 
early operative period, the pain-relieving effect of 
analgesic drugs was reduced by the simultaneous 
action of small amounts of thiopentone in the 
blood (Clutton-Brock, 1960; Dundee, 1960), 
although the hypnotic effect of the latter was no 
longer effective. 
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CONCLUSION 


There seems little doubt that it is possible for 
patients to be in a state of awareness during opera- 
tions performed under techniques employing 
nitrous oxide and oxygen with muscle relaxants. 
Fortunately it appears that the incidence is low. 
In this series of 656 patients, only 6 of 216 anaes- 
thetized using this technique reported any 
experience which could possibly be related to 
anaesthesia. Of these, only one or two remembered 
events which clearly did occur. Thus the statement 
that 0.6 to 5 per cent of patients anaesthetized in 
this way are likely to be “aware” is more likely 
to be an exaggeration than an understatement 
because all these 6 cases were included in the 
statistical evaluation. Also although in this series 
about 1 per cent of all anaesthetized patients were 
found to be “aware” this figure is not of much 
importance because it has been shown to depend 
principally on the proportion of cases anaesthe- 
tized by one particular technique, which obviously 
varies in different practices. 

The difficulty of recognizing this occurrence 
has not been mentioned. All that can be said from 
this small series is that the patients were all women 
and that more often than not the events recalled 
took place at the end of operation. Hearing seems 
to be the first sense to return and vision the last. 
There may be no obvious physical signs. Prophy- 
laxis must depend on the use of adequate nitrous 
oxide concentrations, possibly with supplemen- 
tation and hyperventilation. 

Is the possibility of awareness during surgery 
important? In this series of 656 patients only one 
(case 2) complained immediately after return to 
the ward, but there seems no doubt of the pain 
experienced by case 3. The other patients, par- 
ticularly case 5, did not seem distressed. 
Parkhouse (1960) commented on the dispassionate 
manner in which the experience of awareness 
during surgery is often recalled, and felt that this 
is not due to repression of a terrifying experience 
into the subconscious, as this would be expected 
to produce a high incidence of anxiety states and 
fear of subsequent operations which is not ap- 
parent in clinical practice. There is evidence from 
this study that this is not always the case. It is 
possible that case 3 changed her story because the 
experience had been repressed. Also there were 
two patients in this series who claimed to have felt 
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part of a previous surgical procedure. They made 
their justifiable anxiety quite obvious. It is unfor- 
tunate that this anxiety is very easily communi- 
cated to other patients in the ward, possibly more 
so than to the medical staff. 

It can be concluded, therefore, that every pos- 
sible effort must be made to ensure complete and 
continuous unconsciousness during general anaes- 
thesia, not only because of the moral obligation 
of the anaesthetist to provide freedom from 
physical and mental suffering which might other- 
wise occur in a very small percentage of cases, 
but also because of the disproportionate anxiety 
which knowledge of such a case may induce in 
other patients. 

SUMMARY 


A follow-up study of 656 general surgical, gynae- 
cological and neurosurgical patients is reported 
in which enquiry was made into the patient’s 
recollection of the operative period and 
dreams during anaesthesia. Eight patients either 
remembered some part of the procedure or had 
a dream suggestive of a partial return to con- 
sciousness. Case histories are tabulated. Exclud- 
ing two cases, because they might have been 
describing events occurring prior to the onset of 
unconsciousness, all the remaining six were in 
the group of patients whose anaesthesia was main- 
tained with nitrous oxide and oxygen, relaxants, 
and intermittent, positive pressure respiration. 

The aetiology of the condition is considered 
with reference to these cases. It is felt that 
inadequate nitrous oxide percentage and lack of 
hyperventilation are the most likely causes. A brief 
assessment of the importance of this condition is 
made. 
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EARLY USE OF THE CARBON DIOXIDE ABSORPTION METHOD 
IN ANAESTHETIC PRACTICE* 


BY 


RICHARD FOREGGER 
Milwaukee 13, Wisconsin, U.S.A. 


Tue chemical absorption method for carbon di- 
oxide control has gained widespread use in the 
respiratory equipment commonly used in anaesthe- 
tic practice, metabolism testing, chemical warfare 
defence, mine rescue work, diving and in high alti- 
tude operations. The researches of Hales, Black, 
and Lavoisier provided the foundation for the 
chemical absorption of carbon dioxide in respira- 
tory equipment. It is of interest to review how this 
method of carbon dioxide control was introduced 
into anaesthetic practice. 


BRIEF BIOGRAPHY OF ALFRED COLEMAN (1, 2, 3) 
Alfred Coleman (1828-1902), a dental surgeon of 


London, England, employed the carbon dioxide 
absorption method during nitrous oxide anaesthe- 


sia in 1868. Coleman was born at Wandsworth in 
December 1828 of a Quaker family. He was ap- 
prenticed in 1857 and later set up practice at 3 
Finsbury Square, near St. Bartholomew’s Hospital, 
where he obtained instruction in anatomy. Cole- 
man passed M.R.C.S. and L.D.S. in 1860 and 
L.R.C.P. in 1866. In 1868 he was the first dentist 
to pass the F.R.C.S. by examination. 

Coleman was one of the original members of the 
Odontological Society, serving in all its honorary 
offices including that of president in 1879. In 1866 
he was appointed lecturer in dental surgery at 
St. Bartholomew’s Hospital in succession to Samuel 
John Tracy (4) and continued to lecture for fifteen 
years. During this period he was also president of 
the Abernethian Society (5). He was also dental 
surgeon at the Dental Hospital of London and lec- 
turer at the London School of Dental Surgery at 
Soho Square. From 1880 to 1884 he served as an 
examiner for the L.D.S. examination of the R.C.S. 

When Coleman joined Mr. Samuel Cartwright 
in practice (6), he moved from Finsbury Square to 
32 Old Burlington Street. He became a member 


* For reasons which will be apparent to the reader, 
the Harvard system of making reference to articles is 


not used in this paper. 


of the newly formed British Dental Association and 
when it was decided to purchase the Monthly 
Review of Dental Surgery as the organ of the asso- 
ciation he served as an editor for two years. At this 
time Coleman moved from Old Burlington Street 
to Savile Row. 

All through his long and productive life Cole- 
man’s chief interest lay in the scientific side of 
dentistry, especially in the new discoveries of anaes- 
thetics. At the Dental Hospital of London, where 
he was associated with Clover, he administered 
anaesthetics every Thursday morning during his 
period of appointment and in 1881 he was able to 
report on 20,000 anaesthetics at that institution 
dating from 1868 (7). Coleman was always 
interested in chemistry and was awarded the prize 
in chemistry at St. Bartholomew’s Hospital. He 
was helped a great deal by Sir Edward Frankland, 
F.R.S., lecturer in chemistry at St. Bartholomew’s 
(8). He was the author of Dental Surgery and 
Pathology, which was published in 1882. 

His health failed and he retired to New Zealand 
in 1884 for six years, returning to England in 1890, 
but he did not resume practice. He was made 
a Governor of St. Bartholomew’s Hospital and 
Almoner in 1894 but declined a knighthood when 
it was offered to him. He died in Ealing in 1902. 


COLEMAN’S METHOD OF CARBON DIOXIDE 
ABSORPTION 


Thomas W. Evans, an American dentist practi- 
sing in Paris, administered nitrous oxide gas as an 
anaesthetic to eleven patients for various operations 
of tooth extraction at the Dental Hospital, Soho 
Square, on Tuesday, March 31, 1868. Coleman 
was present at Evans’ demonstration and by April 
9 had arranged an apparatus, prepared the gas 
and administered it to five patients at the Dental 
Hospital (9a, b). At a meeting of the Odonto- 
logical Society held on Monday, April 6, 1868, 
he discussed at some length the action of nitrous 
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oxide and its method of preparation (10a, b). On 
this same evening a committee was proposed to 
investigate the nature and uses of protoxide of 
nitrogea gas as an anaesthetic. The joint committee 
subsequently formed consisted of members from 
the Odontological Society and members appointed 
by the Board of Management of the Dental Hosp- 
ital of London. Alfred Coleman was one of the 
members. The committee, known as the Nitrous 
Oxide Committee, made its first report on 
December 7, 1868, and its second report on 
November 4, 1872, followed by discussion on 
December 2, 1872. During the next few weeks 
Coleman demonstrated the administration of 
nitrous oxide on several occasions before a critical 
gathering for short operations at St. Bartholomew’s 
Hospital and for teeth pulling at the Dental Hos- 
pital of London (11a, b; 12a, b, c, d). For the first 
trials with nitrous oxide he used an apparatus 
containing the gas in indiarubber bags to which 
was attached a tube-mouthpiece fitted with inspira- 
tory and expiratory valves or an ordinary mask 
fitted with valves. At each inspiration the gas 
unmixed with atmospheric air was inhaled, expira- 
tion taking place through the other valve. Coleman 
had difficulty obtaining a correctly fitting mask 
and he soon substituted a facepiece “like that of 
Snow’s”. On June 11, 1868, he began to use the 
gas in a compressed form supplied by Mr. Barth. 

Because of widespread interest in the physio- 
logical action of nitrous oxide the British Medical 
Journal for April 18, 1868, page 378, contains an 
annotation calling attention to the work of the 
physiologist, Ludimar Hermann of Berlin, pub- 
lished four years previously (13, 14). Hermann 
had shown that while nitrous oxide is very readily 
absorbed by the blood it suffers no change in the 
blood or in the body and is eliminated unchanged. 
Coleman grasped immediately the significance of 
this knowledge and responded in the following 
issue in the form of a letter (15) pointing out that 
if Hermann’s researches were trustworthy, then 
the difficulty and expense of procuring and trans- 
porting nitrous oxide for anaesthetic purposes 
would prove to be minor considerations. 


... It is obviously evident that by a very simple 
mechanical and chemical arrangement, the same gas 
may ve employed repeatedly. The products of expir- 
ation, now wasted, need only to be passed through a 
solution of caustic potash, and through pure water, or 
perhaps a weak acid, and returned to the receiver, 
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whence the gas was inspired. The other products of res- 
piration, not soluble in the above, are too small in 
quantity probably, to in any way affect the repeated 
breathing of the nitrous oxide over again. I need hardly 
say I am at once undertaking the proper steps for 
investigating so simple a suggestion as the above. 


The editor of the British Medical fFournal, in 
commenting on Coleman’s letter, said “The diffi- 
culties of separating the expired gases from the 
products of respiration are greater than Mr. Cole- 
man seems to suppose.” However, Coleman pro- 
ceeded with the development of his apparatus for 
absorbing carbon dioxide and on August 1, 1868, 
he reported that he had used the method in more 
than 100 cases with a saving of two-thirds to three- 
fourths of the quantity of nitrous oxide ordinarily 
consumed (16). 


. . . The agent I employ for removing the carbonic 
acid and aqueous vapour is quicklime recently or only 
partially slaked. The gas is admitted from a bag or 
receiver into a small indiarubber bag capable of 
holding about one gallon: from this it is inspired, but 
the expired gases pass over the lime and enter the bag 
again by another route. J will not say the gas so 
respired is as pure after it has passed over the lime as 
it was before it entered the lungs, but it is sufficiently 
so to bring a second patient who may breathe it 
into a state of anaesthesia in nearly the same period 
of time as the first, and that is no longer than when 
the gas is breathed only once. . . . In suggesting the 
plan of breathing the same gas over again, I did so 
under the belief that nitrous oxide gas is simply 
absorbed by the blood, and given off again without 
undergoing any change in composition as stated to 
be the case by Dr. Hermann whose experiments you 
recorded in your number of April 18th last... . An 
analysis of expired nitrous oxide made for me by 
Dr. Frankland, showed that the gas was exhaled un- 
decomposed. . . . 


In this same letter he discusses three patients 
who exhibited great excitement which he believes 
was caused by the presence of carbon dioxide. He 
had inhaled carbon dioxide admixed with air and 
it had produced excitement. “In looking carefully 
to the cause of these failures, I discovered upon 
examination that the lime employed had become 
exhausted, or rather, I should say, completely 
saturated with water and carbonic acid... .” 

The first report of the Nitrous Oxide Committee 
hitherto referred to, was made at a meeting of the 
Odontological Society in the evening of December 
7, 1868. Here Coleman briefly mentioned his 
method of rebreathing nitrous oxide and remov- 
ing carbon dioxide. Several types of apparatus for 
administering nitrous oxide were exhibited. It is 
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not stated specifically that Coleman’s apparatus 
was shown on that evening but the president of 
the society, in conducting the discussion, referred 
to the apparatus of Coleman and its “ingenious 
arrangements for economizing the consumption 
of gas in public practice”. (17) 

At the meeting of the Odontological Society on 
June 7, 1869 (18), the following report was made. 
For the sake of brevity only those parts of the 
report pertaining to the absorber are included. 


Mr. Coleman said, “Mr. Coxeter has sent for exhibition 
this evening an apparatus for the administration of 
nitrous oxide gas. . . . The bag is connected with a 
brass vessel which stands upon the pedestal, and into 
which, when about to be used, quicklime, slightly 
moistened, is introduced; a diaphragm in the centre 
of this vessel ensures the gas passing well over and 
through the lime; a tube from the lime apparatus has 
connected to it the face piece... . 

“In employing this apparatus the lime should first 
be placed after having been slightly moistened, in the 
brass vessel, and, this being securely closed, a small 
quantity of gas—a pint—should be forced from the 
bag through the vessel. . . . In trying this apparatus— 
the purifying portion of which Mr. Coxeter con- 
structed according to my plans—at the Dental Hos- 
pital, we found that thirty-six gallons of gas were 
sufficient for the production of anaesthesia twenty- 
five times—in some of the cases anaesthesia was pro- 
duced twice, and in one case three times, in the same 
patient, by simply adding about half a gallon of fresh 
gas to that the patient had previously breathed.” 


There is a description of the apparatus, called 
Mr. Coleman’s economizing apparatus for re- 
inhaling nitrous oxide gas, contained in the 
British Journal of Dental Sciences for September 
1869 and signed C.J.F., the initials of the editor, 
Charles James Fox (19). The description shows the 
same diagram as in figure 1 and states that “the 
apparatus is used by Mr. Coleman at the Dental 
Hospital of London every Thursday morning”. 
The editor says: 

Although in the earlier days of the gas we were not 
inclined to look with favour upon apparatus which 
economized the gas by re-inhalation . . . we believe 
it has by this time been pretty conclusively shown that 
the gas when re-inhaled through this apparatus can be 


used not only with perfect safety but also with very 
fair anaesthetic results. 


Coleman was dental surgeon to St. Bartholo- 
mew’s Hospital and in the annual reports of that 
institution for 1869 he summarized his work on 
nitrous oxide administration during the preceding 
year. Here he gives a more elaborate account with 
illustrations of his apparatus (20). 
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Before the gas had been presented in the compressed 
form it occurred to the writer that a vast economy 
in its use might be effected by a very simple means. 
Believing that nitrous oxide underwent no change when 
absorbed into the blood, and seeing this stated to be 
the fact by Dr. Hermann (13, 14), it occurred to him 
that the gas might be breathed over and over again, 
if means were provided for removing from it the car- 
bonic acid which would be exhaled with it from the 
lungs. For this purpose, quick-lime slightly slackened 
with water was selected, over which the gas should 
pass to and from a small bag when respired. The 
result was that it was found to answer quite as well 
as when the gas was respired only once, and with a 
saving of from two-thirds to four-fifths of its 
quantity. 


Figure 1 shows the main features of Coleman’s 
absorber or “purifier” as he called it. Coleman 
states he obtained the drawings from Messrs. 
Coxeter who made the apparatus (21). 


Fic. 1 


Coleman’s apparatus for carbon dioxide absorption. 
See text for description. (From St. Bartholomew's 
Hospital Reports, 1869.) 


Figure (1) represents at | and 2 the purifier into 
which the slackened lime is placed; with 1 is connected 
the double bag holding the gas, which communicates 
with (the source of gas) by the tube c and with 2 is 
connected the tube (h) leading to the facepiece; k is 
a tripod which supports the purifier . . . when the 
apparatus is in use. 

The mode of employing the apparatus is as follows: 
When the purifying plan is adapted, some small pieces 
of recently burned lime slightly moistened with water 
are put into the vessel at 1, 2 (fig. 1) which is then 
connected with the bag, here constructed as a double 
bag, and also with the tube / leading to the face piece, 
the bag being attached to the gas holder by the tube 
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c.... About a pint or two of gas should be pressed 
or sucked through the apparatus to remove air pre- 
viously contained in it; the bag should then receive 
about a gallon and a half of gas from the gas holder. 
The patient being ready, if the operation be a dental 
one, the mouth should be propped open with a prop 
of wood or ebonite, secured to a string in case it 
should be swallowed, and the face or mouth piece 
applied. This should be furnished with an expiratory 
valve of thin indiarubber, to enable the patient to 
expire from it the first one or two expirations, which 
will be mixed with air (residual) previously contained 
in the lungs, after which a slide closing the valve is 
turned over it, and the patients now respires backwards 
and forwards over the lime into the bag until anaes- 
thesia is effected, which occurs upon an average in 
sixty seconds from the time the gas is supplied to the 
patient (20). 


Alfred Coleman reviews his use of the carbon 
dioxide absorption method in a paper delivered 
before the Odontological Society in 1881 (22). 
Here he states that from the earliest period of the 
introduction of nitrous oxide as an anaesthetic in 
England he was interested in devising means for 
its more economical administration. The cost of 
nitrous oxide was high at that time and Coleman 
stated that if it had not been employed at the 
Dental Hospital to a considerable exteat upon 
economical methods it is questionable whether the 
charity could have borne so large an expense 


without demanding some fee from the patients or 
limiting the number of cases. 

In discussing the various chemical agents which 
he used for carbon dioxide absorption, he says that 
whereas at first he used 


... lumps of quicklime recently slaked with water. 
Other substances have since been employed for 
abstracting the carbonic acid, viz., milk of lime, 
solutions of caustic potash or soda: the gentlemen who 
suggested them evidently being unacquainted with the 
fact known to all practical chemists, viz., that of all 
substances we possess none so readily and so 
thoroughly abstract carbonic acid from other gases as 
does recently slaked lime, or rather lime in the process 
of slaking. 


In this paper Coleman in discussing his reasons 
for discontinuing the carbon dioxide absorption 
method writes as follows: 


In carrying out some experiments for the Committee 
appointed to investigate the merits of protoxide of 
nitrogen as an anaesthetic | found that as anaesthesia 
by its means approached, so the carbonic acid given 
off at the lungs greatly diminished, a fact subsequently 
confirmed by the experiments kindly made by 
Professor Frankland at my request for the same 
Committee, Indeed the amount became so small that 
it might be disregarded, and therefore I have long 
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discarded the lime arrangement. Previously, however, 
Mr. Clover had introduced his useful contrivance of 
the supplemental bag, which allowed of a certain 
proportion of the gas being breathed over again. (23) 


He does not state at what precise period of time 
he abandoned his method of carbon dioxide ab- 
sorption. Since the cost of manufacture and dis- 
tribution of nitrous oxide had been reduced in 
the intervening years from 1868 to 1881 it was not 
necessary to be so economical in its use, making 
it feasible to employ other methods of adminis- 
tration. 


DISCUSSION 


Barbara Duncum in her book on the history of 
inhalation anaesthesia (25) says that “Coleman’s 
was the first clinical use of a carbon dioxide 
absorber in anaesthesia, although Snow had used 
a similar device while experimenting on himself 
with chloroform and ether; and Lavoisier and 
Seguin had used carbon dioxide absorbers to keep 
animals alive in closed vessels during experiments 
on respiration”. Waters in his scholarly and 
informative history of the carbon dioxide absorp- 
tion method in anaesthesia calls attention to the 
work of Coleman (24). Coleman was aware that 
carbon dioxide was absorbed by the alkali hy- 
droxides and alkaline earth hydroxides since he 
was well versed in chemistry and such knowledge 
had long been known to chemists. John Snow 
made extensive researches on the toxic effects of 
carbon dioxide on small animals and on himself 
and had employed lime water for carbon dioxide 
absorptive purposes during experiments made in 
1838, eight years before the introduction of ether 
anaesthesia. In reporting on his carbon dioxide 
experiments Snow mentions a plan suggested by 
Professor Thomas Graham on the possibility of 
absorbing carbon dioxide gas after the explosion 
of firedamp in coal mines by means of inhaling air 
through a cushion filled with a mixture of slaked 
lime and powdered sulphate of soda (26). There 
is reason to believe that Coleman might have been 
acquainted with the work of John Snow on carbon 
dioxide absorption contained in Part 15 of Snow’s 
pamphlet, On Narcotism by the Inhalation of 
Vapours (1851), since Coleman quotes directly 
from Part 16 of that publication. Finally in asses- 
sing the influences upon Coleman, the association 
with Sir Edward Frankland made available to 
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Coleman information from one of the foremost 
British chemists of the nineteenth century. 

The reasons for Coleman giving up his method 
of carbon dioxide removal have been referred to. 
Since economy was evidently an important 
motivation, the advent of lower cost nitrous oxide 
removed the impetus for perfection of the 
method and continued use. 

The method was not taken up by his con- 
temporary, Clover, who said (23): “Mr. Coleman 
has invented an ingenious apparatus for absorb- 
ing the carbonic acid of the expired gas by means 
of hydrate of lime. I have no reason to think that 
any harm results from the small amount of car- 
bonic acid breathed in using my apparatus.” 
Elsewhere Clover wrote (25, page 287): “I do 
not think enough gas is saved to pay for the trouble 
of purification and as yet I do not think his results 
are better than my own.” 

A contemporary, Rendle, surgical registrar at 
Guy’s Hospital, also described his use of the 
gas (27). 

At first, I obtained the gas compressed in iron 

bottles from Mr. Barth, and gave it in the manner 
recommended by Mr. Coleman, which consists in 
causing the gas, when expired, to pass through a 
chamber of slaked lime. . . . This economizes the 
gas very much .. . but the apparatus required is 
rather complicated. 
After obtaining an apparatus to produce the gas 
in large quantities, which he stored in a gaso- 
meter, he gave up the method of Coleman. He 
says: “Having now a store of gas at my command, 
economy was not studied, and it was given in the 
ordinary way from a large bag, with a mouthpiece 
having an inspiratory and expiratory valve.” 

Another contemporary referring to Coleman’s 

method of purifying the gas of carbon dioxide 
wrote (28): 
I have always thought, and still think, that it will 
be damaging to the reputation of the gas in the eyes 
of the medical profession and of the general public, 
if the system of purifying and economizing it is 
adopted to the extent of permitting one patient to 
breathe that which has served the purpose of another. 
. . . How repulsive, then, must it not be to inhale 
a limited quantity of secondhand gas, deprived, it is 
true, of such carbonic acid gas as it may have acquired 
in its first use, but possibly impregnated with some- 
thing deleterious. 


SUMMARY 


Alfred Coleman, a dental surgeon of London, 
England, used a carbon dioxide absorber in 1868 
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during nitrous oxide anaesthesia. Coleman was 
motivated to use the method because nitrous oxide 
at that time was difficult to manufacture and dis- 
tribute, and therefore expensive. Since he knew 
that nitrous oxide underwent no chemical change 
when absorbed into the blood, it occurred to him 
that it could be breathed over and over again if 
a means were provided for removing from it the 
carbon dioxide which was exhaled with it from the 
lungs. Coleman preferred to use slaked lime in 
the absorber. He does not state when he gave up 
the method but in a paper published in 1881 he 
says he had long since abandoned the method. 
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AN ASSESSMENT OF THE MONO PORTABLE CARBON DIOXIDE TESTER 


BY 


D. C. CASSELLE 
Research Department of Anaesthetics, Royal College of Surgeons, London, W.C.2 


Tue Mono portable carbon dioxide tester con- 
stitutes a simplification of the Van Slyke method 
of gas analysis (Van Slyke and Neil, 1924), by 
measurement of pressure at constant volume 
before and after absorption of one of the con- 
stituents of a gas mixture. 

The apparatus has been investigated with a view 
to its possible usefulness in the medical field. Its 
principal characteristics are extreme simplicity and 
portability. 


DESCRIPTION OF THE APPARATUS 


The Mono carbon dioxide analyzer (fig. 1) consists of 
a hard polythene bottle partly filled with caustic potash 
covered with a thin layer of oil. The space in the 
bottle above the alkali is flushed out with the test gas 
by squeezing and releasing a rubber bulb, which sucks 


gas into the bottle. By turning a two-way tap the 
bottle is connected to a vacuum gauge and then shaken 
to break up the oil layer and bring about absorption 
of the carbon dioxide. The reduction in pressure is 
measured on the gauge, which is calibrated directly 
in percentage carbon dioxide. 


SOURCES OF ERROR 


(1) Changes in temperature due to warming of the 
bottle by the hand can cause an increase in pressure. 

(2) Changes in vapour pressure may occur when 
the gas is in contact with the caustic potash. If a sample 
of dry gas is analyzed its pressure will be increased 
when it takes up water vapour from the alkali at the 
vapour pressure of the solution. When wet gas is 
analyzed its pressure may be decreased when it mixes 
with the alkali since caustic potash depresses vapour 
pressure and causes precipitation of water vapour in 
the sample. 

(3) If the cap on the bottle or the rubber connec- 


Fic. 
The Mono portable carbon dioxide tester: the absorption vessel; the tap 
for collection of sample and connection of absorption vessel to vacuum gauge. 
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tions are badly fitting, leaks will occur, causing low 
results. 

(4) The bottle can be distorted if much pressure 
is applied with the hand and this will cause changes 
in the indicated value. 

(5) A layer of oil more than a millimetre thick is 
difficult to break up and complete absorption may not 
be achieved. 

(6) Slight errors may occur from variable absorption 
of gases in connecting tubes and the vacuum gauge, 
which are not flushed with the test gas. 

(7) Diluent gases in the sample may be soluble in 
the alkali or oil (Nunn, 1958). 


METHODS 


The volume of gas passed through the analyzer by 
squeezing the bulb was measured by connecting the 
end of the sampling tube to a calibrated spirometer, A 
carbon dioxide and oxygen mixture was analyzed many 
times using successively less gas in flushing out the 
bottle, to determine the minimum volume of gas 
required. 

Four mixtures of carbon dioxide in oxygen, pre- 
viously analyzed by a Haldane apparatus, were 
analyzed with this apparatus. Pure oxygen was also 
analyzed to check any zero error. The gases were 
sampled dry from the cylinder. Oxygen was also 
sampled from a spirometer where it had been allowed 
to become saturated with water vapour at ambient 
temperature. 

The caustic potash solution was then replaced with 
alkaline pyrogallol to evaluate the instrument's 
ability to analyze oxygen, 

Times for absorption to take place were noted 
throughout the tests. One hundred per cent nitrous 
oxide was sampled to observe any reduction of pressure 
due to physical solution of the gas in caustic potash. 
This was repeated with only oil in the bottle. 


RESULTS 


Fifteen squeezes of the rubber bulb (recommended 
by the manufacturer) correspond to 750 ml of gas. 
It was found that only ten squeezes of the bulb 
gave the same results as fifteen. Using less than 
ten, the results were not consistent. Ten squeezes 
correspond to 500 ml of gas. 

With dry oxygen the analyzer gave readings 
varying from -0.3 per cent to ~0.9 per cent 
according to the strength of the alkali used. With 
wet oxygen a zero reading was obtained. The 
minus reading with dry oxygen was probably due 
to the fact that the dry sampled gas took up water 
vapour from the alkali. The instrument can be 
adjusted to give correct readings with dry gas by 
offsetting the zero position of the needle on the 
gauge by the necessary amount, by means of the 
adjustment screw at the back. 

Figure 2 shows the mean results of ten analyses 
on each of the four dry gas mixtures when the 
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Calibration curve for the Mono portable carbon 

dioxide tester compared with the Haldane apparatus, 

for mixtures of carbon dioxide and oxygen. The 

diagonal lines indicate the range of ten analyses of each 
mixture. 


zero adjustment was offset. The range for the 
individual analyses is also shown. The standard 
deviation of the Mono analyses from the Hal- 
dane analyses was 0.2 per cent of the sampled 
volume. 

Eight analyses of air using the Mono apparatus 
with an alkaline pyrogallol oxygen absorbent gave 
a mean of 21 per cent oxygen (range 20.8 to 21.3 
per cent). 

It was found that the time required for the 
absorption of carbon dioxide from a sample of 
gas was 1 to 14 minutes with vigorous shaking. 
Absorption of oxygen was complete in approxi- 
mately 3 minutes. A thicker layer of oil increased 
the time and it might be difficult to be certain 
when absorption was complete. 

A rapid reduction in pressure was observed 
when 100 per cent nitrous oxide was shaken with 
alkali and oil in the bottle, and to a lesser extent 
when oil alone was present. 


CONCLUSIONS 


The accuracy of this instrument is not comparable 
with the Haldane or Schélander but its simplicity 
and robustness render it suitable for use when a 
quick approximate analysis of carbon dioxide 
content of gas is required in hospital or laboratory. 
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The fact that the instrument can be used for 
oxygen analysis increases its possibilities. By 
substituting alkaline pyrogallol for caustic potash, 
the apparatus is ready without further modifica- 
tion and, though absorption is slightly longer, it 
still compares favourably with the Haldane or 
Schélander. 

Unfortunately, as nitrous oxide is soluble in 
both the alkali and the, oil, mixtures containing 
this or any other gas freely soluble in water or 
oil cannot be analyzed by this method. 

The manipulation of the apparatus requires no 
skill whatsoever and an untrained person can be 
taught to use it in a matter of minutes. The few 
precautions to be observed are simple and easily 
learned: not to squeeze the bottle to distort it; 
not to warm it with the hand; to use only a very 
thin layer of oil (just sufficient to cover the alkali 
completely); and to offset the zero when analyz- 
ing dry gas. It is essential to prevent the alkali 
from reaching the connecting tubes, but if this 
happens they can be removed and washed. 

One disadvantage of the apparatus is that at 
least 500 ml of sample are required for each 
analysis, but this is of little consequence when 
analyzing gases from cylinders, Douglas bags, 
oxygen tents or effluent from gas mixing devices 
(for example air entraining devices). It would 
also be suitable for the analysis of pooled end- 
tidal samples, but not single samples. 
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The present apparatus is a very simple applica- 
tion of the principle of measurement of gas 
pressure at constant volume. Clearly it could be 
modified to reduce the sample volume or increase 
the accuracy. 


SUMMARY 


A study of the Mono portable carbon dioxide 
tester has been made to assess its usefulness in 
the medical field. 

The minimum sample required is 500 ml; no 
systematic error was found and the random error 
had a standard deviation of 0.2 per cent of sampled 
volume. Analysis for oxygen was possible by 
substitution of alkaline pyrogallol for caustic 
potash. Samples containing nitrous oxide or other 
gases freely soluble in water or lipids could not 
be handled. 

The Mono tester was found to be extremely 
simple to use, requiring the minimum of skill and 
experience. 
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ERRATA 


The following corrections should be made to the 
payer on “A Simple Interpolation Method for the 


Estimation of Pco, in Whole Blood,” by John S. 
Robinson and John E. Utting, in the July issue 
(Brit. F. Anaesth., 33, 327): 


page 327, col. 2, line 3: 
for 0.6 ml read 0.06 ml 


page 328, col. 1, line 3: 


for type C. 33 read type C.33B 
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